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PREFACE 

TO THE 

NEW. AND ENLARGED EDITION. 

Since the Third Edition (1884) I have not made any 
alteration in the text or illustrations, but the time 
has now arrived when, owing to the constant progress 
in Histology, several points have become clearer and 
considerably advanced. Thus in the question of the 
division of the nucleus, then of recent origin, many 
valuable and exact observations have brought this to 
a much better understanding. Likewise the termin- 
ation of nerves in the epithelium and epidermis seems 
to become more settled. Though the absorption of 
chyle by the mucous membrane of the small intestine 
has been the subject of several researches, only quite 
recently the investigations by Heidenhain may be said 
to have bi-ought this question to a fairly satisfactory 
conclusion. 

The termination of the nerve fibres in striped mus- 
cular tissue has by Kiihne's recent researches been 
considerably advanced; and in the chapter on the 
structure of striped muscular tissue I have adopted 
RoUett's recently published views. Other minor 
alterations will also appear as we proceed. 

Several new illustrations have been added, and some 
of those of the previous edition have been replaced by 
more satisfactory ones. In connection with these I 
have to draw particular attention to the very excellent 
photographs niude by Mr. Andrew Pringle, and shown 
in Figs. 33, 44, 106, 122, 123, 130, 131, 132, l49, 
and 152. These are, I believe, the only really good 
histological microphotographs that have as yet been 
published in any text-book. 

E. KLEIN. 

February, 1889. 
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CHAPTER I. 



1. The ripe ovum (Fig. 1) of man and mammais 
is a minute spherical mass of a soft, gelatinous, trans- 
parent, granular looking Bubataiice, containijig nume- 
rous minute particles— yolk ^ 
globulex. It is invested 
by a radiallf striated deli- 
cate membrane, called the 
zona pellucida. Inside Una 
mass, and situated more or 
less excentrically, is a vesicle 
— the terminal vesicle — 
and inude this, one or more 
solid spots — the germiiial 

»lMit or spoU. The gek- P*. l-Kii«o™.of Cat. 
tinous transparent substance "' y"SJ'ie;''&i^iu'pK™."" 
of the ovtim, containing a 

very lai^ percentage of proteid material, is sailed 
Protoplasm. Before and immediately after fertiilsa- 
tioo, the protoplasm of the ovum shows distinct move- 
ment, consisting in contraction and expansion. These 
movements are spontaneous — ».«., not caused by any 
directly visible external influence. 

The diameter of the ripe ovum in man and domestic 
animals varies between yj^ and yig- of an inch. But 
before it ripens the ovum is considerably smfjler — in 
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feet, its size is in proportion to its state of develop- 
ment 

2. Fertilisation causes marked changes in the 
contractions of the pvotoplaHm of the ovum ; these 



Fig,2.— FromaSectloa thrOB|li ths Blutodermof Cbick, ualncalMMd. 
funualivocellgi/.K^FDUiioDcaTtg'- (Hudbuuli,)' 

lead to cleavage or division of its body into two parts, 
the germinal vesicle having previously split up into 
two bodieB or nuclei ; so tiiat we now find the ovum 



Sactiou tbrongh Uie BntHment ot the Embryo Ghi^ 



has originated two new elements, eaeh of which con- 
sists of jirotojilasni, of the same substance as that of 
the original ovum, and each contains one nucleus or 
kernel The investment of the ovum takes no part in 



this process of division. Not long after, each of the 
two daughter elements undei^joes cleavage or division 



Fin- A— VertioBl Section throngli tha Onim of Bnli) CioereuH, in tha 

«LTl; btAge of the EmfaTyo DeTolopmeiit. 

«, Te^muntal Urer of vpibla»t ; t, dnrsul vnure ; c radlmrtkt ot ccnCrjU oervniiB 

rgrtti^ui d. na*odi4iT(li «. divp layvr of «|>tblnat i J,nieBotiUHi a, by^nblai'^; 

Jl» cavity of Allmmutynnql-Riiscimrfl cavity; h, ccntnl jruClc ; jt^mnalnder 

into two new elements, the nucleus having previously 
ilivided into two, bo that each of the new offsprings 
possesses its own nucleus. This process of division is 
continued in the same manner for many generations 
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(Figs. 2, 3, 4), so that after a few days we find 
within the original investment of the ovum a large 
number of minute elements, each consisting of 
protoplasm, and each containing a nucleus. 

3. From these elements, which become smaller as 
the process of cleavage progresses, all parts and organs 
of the embryo and its membranes are formed. It can 
be easily shown that the individual elements possess 
the power of contractility. Either spontaneously or 
under the influence of moderate heat, electricity, 
mechanical or chemical stimulation, they throw out 
processes and withdraw them again^ their substance 
flowing slowly but perceptibly along. Hence they 
can change their position. In this respect they com- 
pletely resemble those lowest organisms which are 
known as amoebae , each of these being likewise a 
nucleated mass of protoplasm. Wherefore this move- 
ment is termed amo^oid movement. It can be further 
shown that they; like amoeba, grow in size and divide 
— that is to say, the individuals of a generation grow 
in size before each gives rise to two new daughter 
individuals. 

4. Although for some time during embryonic life 
the elements constituting the organs of the embryo are 
possessed of these characters, a time arrives when 
only a limited number of them retain the power of 
contractiUty in any marked degree. At birth only the 
white corpuscles of the blood and lymph, many of the 
elements of the lymphatic organs, and the muscular 
tissues, possess this power, while the others lose it, 
or at any rate do not show it except when dividing 
into two new elements. Some of these elements 
retain their protoplasmic basis ; as a rule, each con- 
tains one nucleus (but some two or more) and is 
capable of giving origin by division to a new genera- 
tion. Others, however, change their nature altogether, 
their protoplasm and nucleus disappear, and they 
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give origin to material other than protoplasm — 6.^., 
collagenous, osseous, elastic, and other substances. 

5. Beginning with the ovum, and ending with the 
protoplasmic nucleated elements found in the organs 
and tissues of the embryo and adult, we have, then, 
one uninterrupted series of generations of elements, 
which with Schwann we call cells and with Briicke 
elementary organisms. Of these it can be said that 
not only is each of them derived from a cell ( Virchow : 
omnis cellula a cellula), but each consists of the 
protoplasm of Max Schultze (Sarcode of Dujardin), 






Fig. 5.— Amoeboid luovement of a White Blood Corpuscle of Man ; 
yarious phases of moTement. (Handbook.) 

is without any investing membrane, and includes 
generally one nucleus, but may contain two or more. 
We can further say that each of these cells shows the 
phenomenon of growth, which presupposes nutrition, 
and reproduction. All of them in an early stage of 
their life history, and some of them throughout it, 
show the phenomenon of contractility, or amoeboid 
movement (Fig. 5.) 

Cells differ in shape according to kind, locality, 
and function, being spherical, irregular, polygonal, 
squamous, branched, spindle-shaped, cylindrical, pris- 
matic, or conical. These various shapes will be more 
fully described when dealing in detail with the various 
kinds of cells. Cells in man and mammals differ in 
size within considerable limits ; from the size of a 
small white blood coi-puscle of about ^riru ^^ ^^ ^^^ 
to that of a large ganglion cell in the anterior horns of 
the spinal cord of about -^ J ^ of an inch, or to that of a 
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multinucleated cell of the bone marrow — myeloplax — 
some of which surpass in size even the ganglion cells. 
The same holds good of the nucleus. Between the 
nucleus of a ganglion cell of about g^ to yaVo ^^ *^ 
inch in diameter and the nucleus of a white blood 
corpuscle of about -g-^o *o t o i o o of an inch and less 
there are all intermediate sizes. 

6. Protoplasm or cytoplasm is a transparent 
homogeneous or granular-looking substance. On very 
careful examination with good and high powers, and 
especially when examined with certain reagents, in 
many instances it shows a more or less definite struc- 
ture, composed of fibrils, more or less regular, and in 
some instances grouped into a honeycombed reticulum^ 
spongioplasm, in the meshes of which is a homogeneous 
substance (Heitzmann), hyaloplasm. The closer the 
meshes of the reticulum, the less there is of this inter- 
stitial substance, and the more regularly granular does 
it appear. In the meshes of the reticulum, however, 
may be included larger or smaller granules of fat, pig- 
ment, or other material. Water makes protoplasm 
swell up, and ultimately become disintegrated ; so do 
dilute acids and alkalies. All substances that coagulate 
proteids have the same effect on protoplasm. 

7. The nucleus, the size of which is generally in 
proportion to that of the cell, is usually spherical or 
oval. It is composed of a more or less distinct invest- 
ing cuticle and the nuclear contents ; the former is 
the membrane^ the latter the nuclear substance, or nu- 
cleoplasm. This, again, is composed of a stroma or 
network, mitoma, and the interstitial S7ibstan>ce. The 
network consists of fibrils of various thickness and 
trabeculse or septa more or less irregular in thickness 
and length. Intimately connected with the network 
are angular or rounded masses called nucleoli. The 
number and size of these vary considerably ; in 
young nuclei they may be large and numerous, in 
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adult or resting nuclei they are few, and in those 
al)Out to divide they are altogether absent. Also the 
network is subject to great variation ; while in adult 
or resting nuclei, and particularly those about to 
divide, the network is of great uniformity and well 
developed, it may be very imperfect in young nuclei, 
in which it is sometimes represented by a number of 
irregular masses joined by short bridges. The more 
perfect the nuclear network, the fewer are the nucleoli. 
Owing to the ready manner in which the fibrils of the 
nuclear network, i,e. the mitoma, take up certain dyes, 
their substance is called Chrmnatin; while the intersti- 
tial substance not possessed of this character is called 
Achromatin, But this distinction holds good only to 
adult or resting nuclei ; for in young nuclei the 
whole nuclear contents may possess this affinity for 
the same dyes, and in this case the whole nucleus 
becomes uniformly stained. The nuclear membrane 
is a condensed outer stratum of the nuclear network. 
At the commencement of the division of the nucleus 
the membrane disappears. 

In some instances it can be shown that the 
nuclear fibrils are in continuity with the fibrils of the 
cell substance. In the moving white blood corpuscles 
Strieker and linger have seen the nucleus becoming 
one with the cell substance, and again afterwards 
differentiated by the appearance of a membrane. 

8. During diTision of the cell the nucleus 
generally divides before the cell protoplasm. This 
division of the nucleus was until lately supposed 
to occur in the same manner as that of the cell pro- 
toplasm — i.e., by simple cleavage. This mode is called 
the direct division, or Remakes mode of division. 
In this division the nucleus is supposed to become 
constricted, kidney-shaped and hour-glass shaped, and 
if the division is into more than two, lobed. Nuclei 
of these shapes are not uncommon ; but they need not 
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necessarily indicate direct division, because, being 
very soft structures, pressure exerted from outside, or 
the motion of the cell protoplasm, may produce these 
shapes ; and, further, the contractility of the nucleus 
may, and occasionally has been observed to, cause 
these changes of shape. From the observations of 
Schneider, Biitschli, Fohl, Strassburger, Mayzel, van 
Beneden, Schleicher, Flemming, Rabl, and others, it 




Pig. 6.— Karyokinesis. 

A, Ordinary nucleus of a columnar epithelial cell ; b. c, the surae nucleus in the 
stage of convolution ; d, the wreath, or rosette form ; r, tht- aster, or single 
star; f, a nucUar spindle from the Descemet's endothelium -of the frog's 
cornea; g,h,i, diaster ; k, two daughter nuclei. 

is known that in the embryo and adult, in vertebrates 
and invertebrates, in all kinds of cells, both in the 
normal as well as morbid condition, the division of 
the cell protoplasm is preceded by complex changes 
of the nuclear stroma, leading to the division of Qie 
nucleus. The sum-total of th ese changes is called indirect 
division, karyokinesis (Schleicher) or kaiyomitosis* 

* Schleicher noticed that the fihrils during this process show 
movement ; hence the name Karyokinesis. Mitosis indicates the 
grouping and changes of the fibrils (^tVo? = fibril). 
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(Flemming). Where this process occurs in its com- 
plete and typical form, the network passes through 
the following phases (Flemming, Rabl) : — 

1. Convolution or tpiretiie; the fibriltt of the 
nuclear network become free, as it were, and bent 
and twisted at first into a dense, afterwards into 
A loose convolution, the fibiils becominj; shorter, 
thicker, and less twist«d and more like loops. These 



Tig. 7.— li^theliiini ot moath of em1n70 ■alunonder, showing unctel 
in Tarioua stages of knrj-omitoidB (Flemming). 

latter by transverse division increase in number, and 
at the same time become simpla The whole nucleus 
is larger than before. 

2. Length division of the loops, each loop giving 
origin to a pair of euter-loopa, arranged more or less 
like a rosette or wreath. 

3. The nuclear gpindU, a spindle-shaped arrange- 
ment of fine threads of achromatin extending between 
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two points of the cell protoplasm; these points are 
called the 'poles^ and the line midway between them — 
i.e., at the broadest part of the spindle — is called the 
equator. At the poles the threads of the spindle are 
connected with a set of radiating fibrils of the cell 
protoplasm — the suns. The above sister -loops so 
arrange themselves about the equator of this spindle 
as to form a star — the niotherstar, monaster, or aster. 
In this arrangement the vertex of the loops is directed 
inwards, the open limbs outwards. Seen in profile 
the aster would appear like a narrow plate — the 
nuclear plate, 

4. MetaJdnesis : Of each pair of sister - loops 
forming the aster one loop migrates towards one, the 
other towards the other pole of the spindle, the 
vertex always leading. 

5. Diopter : arrived at the pole, the loops form 
again an aster or daughter-star for each pole. 

6. Dispvreme: the threads of each star become 
convoluted. 

Now follows usually the division of the cell pro- 
toplasm in the line of the equator of the spindle. 

7. In the last phase all traces of the spindle are 
lost ; a membrane appears around each of the two 
new nuclei, and the threads of the dispireme become 
branched and connected into a network. 

From the foregoing it is clear that during division 
an intimate fusion between cell protoplasm and 
nucleus takes place : (a) by the fusion of the nuclear 
interstitial substance with the cell protoplasm after 
the disappearance of the nuclear membrane ; and {b) 
in the nuclear spindle, whose threads at the poles are 
joined to filaments of the cell protoplasm. 

In some cases the process of karyomitosis has been 
found to be atypical, inasmuch as some of the above 
phases are left out, as it were ; while in other cases 
the nuclear division takes place already during the 
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earlier phases — e.^., in the phase of the spirema 
When the nucleus divides into two or three or more 
nuclei without the cell protoplasm also undergoing 
division, a cell with two, three, or nioi^e nuclei is the 
result. 

Multiplication of the nucleus by budding and 
direct fission has also been observed, but it is quite 
possible that this process is only as a sort of imperfect 
and abnormal karyomitosis. 

This mode probably plays a more important part 
than the typical karyomitosis, whenever a rapid mul- 
tiplication and reproduction is necessary. Thus, for 
instcmce, while in the epithelium cells covering the 
anterior surface of the normal cornea of the newt and 
frog, here and there a nucleus can be seen which 
shows the process of typical karyomitosis, such forms 
cannot be found in cases of rapid regeneration of that 
epithelium. For example, after removing the whole 
thickness of the anterior epithelium from the middle 
part of the cornea, a rapid multiplication of the epi. 
thelium cells takes place, starting from those imme- 
diately around the defect ; in consequence of this, 
in two to three days the defect becomes again 
quite covered with the new epithelium. Now, ex- 
amining the epithelium cells at the margin of the 
defect, as well as those gradually pushed over and 
covering the defect, none of the nuclei are found in 
any of the phases of typical karyomitosis ; while a 
few days later, after the defect is covered by the new 
epithelium, there is no difficulty in finding nuclei in 
one or another phase of the typical karyomitosis. 
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CHAPTER II. 

BLOOD. 

9r Under the microscope blood appears as a trans- 
parent fluid, the liquor sanguinis or plasma, in which 
float vast numbers of formed bodies, the blood cor- 
puscles. The. great majority of these are coloured : 
a few of them are colourless. The latter are called 
white or colourless blood corpuscles, or leucocytes. 
The former are called red or coloured blood corpuscles^ 
or blood-discs. They appear red only when seen in a 
thick layer ; when in a single layer they appear of a 
yellow-greenish colour, more yellow if of arterial, 
more green if of venous blood. The proportions of 
plasma and blood corpuscles are sixty-four of the 
former and thirty-six of the latter in one hundred 
volumes of blood. By measurement it has been found 
that there are a little over five millions of blood cor- 
puscles in each cubic millimetre (ttttt ^^ ^ cubic inch) 
of human blood. There appears to be in healthy 
human blood one white corpuscle for 600-1200 red 
ones. In man and mammals the relative number of 
blood corpuscles is greater than in birds, and in birds 
greater than in lower vertebrates. 

10. The red blood corpuscles (Fig. 8) of man 
and mammals are homogeneous bi-concave discs (except 
in the camelidsB, where they are elliptical), and do not 
possess any nucleus. Being bi-concave in shape, they 
are thinner and more transparent in the centre than 
at the periphery. In other vertebrates they are oval 
and more or less flattened from side to side, and each 
possesses a central oval nucleus. 

The diameter of the human red blood coipuseles is 
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about y^^ 
ness about 



of an inch on the broad, and their thick- 
YtQ^Q <>^ *^ ^^^- ^^* *^®^® *^? always 



01 






corpuscles present which are much smaller by about 

one-third to one-half 

than the others. In 

normal blood these 

small red corpuscles 

are scarce ; in certain 

abnormal conditions, 

especially anaemia, or 

poorness of blood, they 

are more numerous. 

According to Gulliver, Welcker, and others, the 
following are the average diameters of the red 
blood corpuscles of various vertebrates : — man, ^oa ^ 
dog, 3 3V0 ; cat, ^^V^ ; sheep, ^^ ; elephant, 
horse, ^^Vo \ ^«sk deer, ^\^ ; 



Fig. 8.— Various kiuds of Bed Blood 
Corpuscles. 

A, Two human, one aeon flat, the other 
edgeways: b, a red conmscle of thi; 
camel ; c, two red corpuscles of the f ro9, 
one seen from the broad« the other from 
the narrow side. « • 



T.04S ^ 
_i 

T142* 



newt, g^i^ ; proteus. 



400 > 



2 7 4 6 > 

pigeon, ^Vt ; toad, 
pike, ^'0^ ; shark, 



1 1 . In a microscopic specimen of fresh unaltered blood 
(Fig. 9) the red blood corpuscles form peculiar shorter 

^g^ or longer rolls, like so 



y. 

o 



many coins, from be- 

oomhig adherent to one 

another by their broad 

suifaces. Under various 

conditions — such as 

when isolated, or when 

^^ ^^w- blood is diluted with sa- 

J^J ^^ yr line solution or solutions 

C^^ Ms^n, of other salts (sulphate of 

sodium or magnesium) 
— ^the corpuscles lose 
their smooth circular 
outline, shrinking and 
becoming crenate (Fig. 10, a). In a fuiiiher stage of this 
process of shrinking they lose their discoid form, and 




Fig. 9. —Human Blood, fresh. 

A, Rouleaux of red corpuscles: B, isolated 
red corpuscle seen in pronle; o, Ibo- 
Isccd red corpuscle seen flat ; d, white 
corpuscles. 
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become smaller and spherical, but beset all over their 

surface with minute processes. This shape is called the 

horse-clieatnut shape (Fig. 10, 6,c). It is pro- 

O O bably due to the corpuscles losing carbonic 

acid, as its addition brings back their discoid 

shape and smooth circular outline. On ab- 

W w stracting the carbonic acid they return to 

^ the horse-chestnut shape. * Water, acid, 

%ed~ SilllS alcohol, ether, the electric current, and 

a.cmuite; h c, ^^^7 o^her rcagcuts, produce discoloration 

IhSSS*" ^^ *^6 red blood corpuscles ; the coloured 

matter — generally the combination of 

the blood-colouring matter with globulin known as 

luBnioglobin — becoming dissolved in the plasma. 

What is left of the corpuscles is called the 

stroma. In newts' and frogs' blood a separation of 

the stroma from the 

nucleus and haemoglobin 

can be effected by means 

of boracic acid (Fig. 1 1,b) ; 

the former is called by 

Briicke the CBkoid, the 

latter Zooid. This stroma ^*- ""^l^^^ewt?"^ ° 

contains amOnSSt other a, Umuan red conmscles after the action 

. 1 . r «»f tannic acid : a, three red corpuscles, 

tmngS mUCn para- fromwhich the htemogloMn is passing 

111- mi i "Ut : 6, Roberts's corpuscles. 

ff lobulin. 1 he StlX)ma b, Newt's red corpuecles after the action 

•^ « . , 1 !• of boracic acid : <«, a corpuscle showing 

Ol tne corpuscles Ol BrUckes' z<«)id and oikoid ; ft, a corpus- 

1 ., . '' . cle showing the reticulated stroma; 

ampin bianS is seen, c, a corpu!*cle showing the reticulum 

\ , . .in the nucleus ; d, the nucleus passing 

under certain reagents, out. 
to be of a reticulated 

structure, but in the fresh state appears homo- 
geneous and pale. Discoloration of the blood cor- 
puscles can also be observed to take place in blood 
without the addition of any reagents or with that of 
indifferent fluids, such as the aqueous humour of the 
eye, hydrocele fluid, etc. The number of corpuscles 
undergoing discoloration is, however, small. 
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When blood ia diied on t* glass in a thin film, 
the corpuscles, forming a single layer only, dry on 
before they ehrink, and thus i-etain their natural size 
and outline ; their stroma can then be easily stained 
with anilin dyes. /»•' , 

12. The UKinoglobln of the red bloodip^uscles 
forms crystals (Fig. 12), which difier in shaps in 
various mammidB; 

They are always * , ' ' ; 

of microscopic size, JL ^^ 

and of a bright red ^ ' 

colour. In man ^mit^ [^ 

and most mammals a 

they are of the 

shape of prismatic ^^f^ 

ne^ee, or rhom- ^^H 

bic plates ; in the ®^b 

squirrel they are ^^ , ,. 

liez^nal plates, ^ otguinHi-iiiKiB.olwulmlc, ^Uumsn. 

and in the guinea- 
pig they are tetrahedral or octahedral. 

The blood pigment itself is an amorphous dark- 
brown or black powder — the /usmafiny but it 
can be obtained in a crystalline form as hydro- 
chlorate of hsematin(rig. 13). These crystalu 
^^■446 also are of microscopic size, of a nut-brown 
^gg i colour, of the shape of narrow rhombic 
' ' plates, and are called licemin crysUils, or 
^oajanti. Teichvumn's crystals. In extravasated 
human blood crystals of a bright yellow 
or orange colour are occasionally met with ; they are 
called by Virchow, their discoverer, kosmatoidin. 
They are supposed to be identical with bilirubin, 
obtainable from human bile. 

13. The white or colonrless corpuscles, or 
leucocytes, are in human blood of about -^-^t; to 
„tg^ of an inch in diameter, and are spherical in the 
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circulating blood or in blood that has just been 
renxoved from the vessels. Their substance is trans- 
parent granular-looking protoplasm, containing larger 
or smaller bright granules. These granules, though 
usually of a fatty nature, are in some kinds of 
blood, notably horses', of a reddish colour, and 
these corpuscles are supposed by some observers 
(Semmer and Alexander Schmidt) to be inter- 
mediate between red and white corpuscles. The 
protoplasm of the colourless corpuscles contains 
glycogen (Ranvier, Schafer). In the blood of the 
lower vertebrates the colourless corpuscles are much 
larger than in mammals. But in all cases they 
consist of protoplasm, include one, two, or more 
nuclei, and show amoeboid movement. This may be 
observed in corpuscles without any addition to a 
fresh microscopic specimen of blood, but it always 
becomes much more pronounced on applying artificial 
heat of about the degree of mammals' blood. It 
is then seen that they throw out longer or shorter 
filamentous processes, which may gradually lengthen 
or be withdrawn. The corpuscle changes its position 
either by a flowing movement, or it pushes out a fila- 
mentous process and shifts its body into it. During 
this movement the corpuscle may take up granules 
from the surrounding fluid. Leucocytes, be they in 
tlie blood, or in connective tissue or lymph glands {see 
below), that take up granules or similar matter, are 
spoken of as phagocytes (eating-cells). 

14. The white corpuscles of the same sample of 
blood difler in size and aspect within considerable 
limits, some being half the size of others, some much 
paler than others. The smaller examples generally 
possess one nucleus occupying the greater part of 
the corpuscle ; the larger ones usually include two, 
three, or even more nuclei, and show more decided 
amoeboid movement than the others. Division by 
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cleavage of the white corpuscles of the blood of lower 
vertebrates has been directly observed by Klein and 
Ranvier. 
J, I 15. In every microscopic specimen of the blood 

){ of man and mammals are found a variable number 
I of large granules, more or less angular, singly or in 
^ . groups, which have been specially studied by Osier. 
According to Bizzozero, they are present 
already in the living and fresh blood, Q a 
as pale, circular, or slightly oval discs ^^ Q 
(Fig. 14, 6). Their size is only \^ \ O 
|j of that of the i-ed blood corpuscles. h 

y They are called by him hlood 'plates, and • o ® 
g he supposes them to be of essential im* '^'*' BuiS"'"*'^ 
^ portance in the coagulation of the blood, «• JJJeffy^iJJS 
originating the fibrin ferment. Hayem ^J;Jj» «* ^^**«- 
described them previously as being in- 
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J termediate forms in the development of red blood 
corpuscles, and called them hseraatoplasts. 

16. Development of Blood Corpuscles.— 

At an early stage of embryonic life, w^hen blood makes 
its appearance it is a colourless fluid, containing only 
white corpuscles (each with a nucleus), which are de- 
rived from certain cells of the mesoblast. These white 
corpuscles change into red ones; the protoplasm becomes 
homogeneous and yellow ; then it assumes a flattened 
shape, and is in reality a coloured blood corpuscle con- 
taining a pale nucleus. All through embryonic life new 
white corpuscles are transformed into red ones. In 
J the embryo of man and mammals these red corpuscles 
ig retain their nuclei for some time, but ultimately lose 
|j • them. New red blood corpuscles are, however, formed 
by division of nucleated red corpuscles. Such division 
J has been observed even in adult blood of lower verte- 
brates (Peremesohko) as well as in mammals. 
\ An important source for the new formation of red 

corpuscles in the embryo and adult is the red marrow 
c— 1 
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of bones ^Neumann, Bizzozero, Rindfleisch), in which 
numerous nucleated protoplasmic cells (marrow cells) 
are converted into nucleated red blood corpuscles. The 
protoplasm of the corpuscle becomes homogeneous and 
tinged with yellow, the nucleus being ultimately lost. 
The spleen is also a.ssumed to be a place for the forma- 
tion of red blood corpuscles. Again, it is assumed that 
ordinary white blood corpuscles are transformed into 
red ones, but of this there is no conclusive evidence. 
In all these instances the protoplasm becomes homo- 
geneous and filled with haemoglobin, while the cell 
grows flattened, discoid, and the nucleus in the end 
disappears. 

Schafer described intracellular (endogenous) for- 
mation of red blood corpuscles at first as small hemo- 
globin particles, but soon growing into red blood cor- 
puscles, in certain cells of the subcutaneous tissue of 
young animala Malassez describes the red blood cor- 
puscles originating by a process of continued budding 
from the marrow cells. 

The white corpuscles appear to be derived from 
the lymphatic organs, whence they are carried by the 
lymph into the circulating blood. 



CHAPTER III. 

EPITHELIUM. 

17. Epithelial cells (Fig. 15) are nudeaUdproUh 
plasmic celU, forming carUimums masses on the surface of 
the skin, of the lining membrane of the alimentary canal, 
the respiratory organs, the urinary and genital organs, 
the free surface of the conjunctiva, and the anterior 
surface of the cornea. The lining of the tubes and 
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alveoli of secreting and excreting glands, such as the 
kidney, liver, mammary gland, testis aiid ovary, the 
salivary glands, mucous, peptic, and Lieberkiihn's 
glands, the sweat and sebaceous glands, the hair 
follicles, &c., consists of epithelial cells. Such is the 
case also with the sensory or terminal parts of the 
organs of the special senses. And, finally, epithelial 
cells occur in other 
organs, such as the 
thyroid, the pitui- 
taiy body, &c. 

The hairs and 
nails, the cuticle of 
the skin, certain 
parts of the ixkIs 
and cones of the 
retina, and the rods 
of Corti in the organ 
of hearing, are modi- 
fied epithelial struc- 
tures. 

Epithelial cells 

are grouped together y\%. 15.-VariouB kinds of Epithelial CeUe. 

by exceedingly thin a, columnar celU of intestine; b. iwlyhedrai 

, "^ fi yy cells of the conjunctiva ; c, ciliated conic^il 

layers or an albU- cells of the trachea : d, dliatedcell of frog'a 

\ . , M*^' 1 mouth; k, inverted conical cell of trachea; 

minOUS XnteTSixtial r, squamous cell of the cavity of mouth, seen 

, ^ frcun its broad surface ; G, equamous cell, seen 

cement suosta/nce, ed«ewaja. 

which during life is 

of a semi-fluid nature, and belongs to the group of 

bodies known as globulins. 

18. As regards sbape we distinguish two kinds 
of epithelial cells — columnar and squamous. The 
colvmruvr cells are short or long, cylindrical or pris- 
matic, pyramidal, conical, club-shaped, pear-shaped, 
or spindle-shaped; their nucleus is always more or 
less oval, their protoplasm more or less longitudinally 
striated. On the free surface of the cells— i.e., the 
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part facing a cavity, canal, or general surface — in many 
instances a bright thinner or thicker cuticular struc- 
ture is seen, with more or less distinct vertical striation. 
The conical or spindle-shaped, club-shaped, and pear- 
shaped cells are drawn out into longer or shorter 
single or branched extremities. 

The 8qv>amou8 or pavement ceUa are cubical, 
polyhedral or scaly. The nucleus of the former is 
almost spherical that of the latter flattened in propor- 
tion to the thinness of the scales. In polyhedral 
cells it can be occasionally perceived that the granula- 
tion is due to the regular honeycombed nature of the 
cell protoplasm. 

19. As regai*ds size, the epithelial cells differ 
considerably from one another in different parts, and 
even in the same part. Thus, the columnar cells, 

covering the surface of 
the villi of the small in- 
testine, are considerably 
longer than those Unmg 
the mucous membrane^ 
the uterus ; the columnar 
cells lining the larger 
ducts of the kidney are 
considerably longer than 
those lining the small 
ducts ; the polyhedral 
cells covering the anterior 
surface of the cornea are considerably smaller than 
those on the surface of the lining membrane of the 
urinary bladder; the scales lining the ultimate recesses 
of the bronchial tubes — the air cells — are considerably 
smaller than those on the surface of the membrane 
lining the human oral cavity and oesophagus. 

20. As regards arrang^ement, the epithelial cells 
are either arranged as a single layer or are stratified, 
forming several superposed layers ; in the former case 






Fig. 16.— Three Muoas-secreting 
Ooblet CeUs. 

A, From the stomach of newt ; b, from 
a mucous gland ; o, from the surface 
of the mucous membrane of the in 
teBtin& 
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we have a single-lajered, in the latter a stratified epi- 
thelium. The simple epithelium may bo composed of 
squamous cells, simple squamous or svmple pavement 
epithelium ; or it may be composed of columnar cells, 
simple cohimna/r epithelium. The stratified epithelium 
may be stratified pavemsnt, or stratified columnar; 
in the former case all or the majority of the layers 
consist of squamous or polyhedral cells, in the latter 
all cells belong to the columnar kind. Simple 
squ^amous epithelium is that which lines the air 
cells, certain urinary tubules of the kidney (the looped 
tubes of Henle, the cortical parts of the collecting 
tubes); the acini of the milk-gland, the inner surface 
of the iris and choroid membrane of the eyeball. 
Simple columnar epit/ielium is that on the inner 
surface of the stomach, small and large intestine, 
uterus, small bronchi, ducts and acini of mucous and 
salivary glands, of some kidney tubules, &c Stratified 
pavement epithelium is that on the epidermis, the 
epithelium lining the cavity of the mouth, pharynx, 
and oesophagus in man and mammals, the anterior 
surface of the cornea, &c. 

21. The epidermis (Fig. 17) consists of the fol- 
lowinglayers : — (a) Stratum comeum : this is the super- 
ficial homy layer, and it consist^s of several layers of 
homy scales, without any nucleus. The layers, which 
are separated from one another by narrow clefts con- 
taining air, are then in process of de£:quamation. This 
stratum is thickest on the palm of the hand and 
fingers, and the sole of the foot, (b) The stratum 
lucidum, composed of several dense layers of homy 
scales, in which traces of an exceedingly flattened 
nucleus may be perceived, (c) Then follow many 
layers of nucleated cells, forming the stratum or 
rete Malpighii or rete mucosum. The most super- 
ficial layer or layers of it are flattened scales, which 
are characterised by the presence around the nucleus 
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of globular or elliptical granules of the nature inter- 
mediate between protoplasm and keratin. Their sub- 
stance is called 
eleidinbyRan- 
. vier, keratohy- 
* alinbyWalde- 
yer; tiese cells 
form the stra- 
tum granulo- 
sum of Langer- 
hans. Deeper 
down the cells 
are less flat- 
tenedand more 
'»■ "-■'"" ■ 'b';SS^^""" ""™>' "■• poljhe&»l,uxd 

a, Tbr Btruum Hii1j>tslill ; t, a,c Mntuiu gnnatoium : trhc deepest 

"ki^."""™ '"''''™'i ■'• "" ""'i™ emTwuin. f^rm (J layer 
of more or leas 
columnar cells, placed vertically on the surface of 
the subjacent corium. 

The substance of the 
haira, nails, claws, hoofs, 
consists of homy scales, u 
(5m chapter on Skin.) 

22. The stratined 
pnvemeiit epithe- 
lluDi (Fig. 18) lining the 
cavity of the mouth, the 
surface of the tongue, the 
pharynx and (esophagus 
of man and mammals, and 
the anterior surfaceof the 
cornea, &c., is, as regards ^ 
the style and arrange- 
ment of the cells, identi- 
cal with the stratum " 
Malpighii of the epider- Sn^iwokS" 
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mis. The cell protoplasm is more transparent in the 
former, »nd the granular cells of the stratum granu- 
losum are not always present, but they generally are 
in the epithelium of the tongue and of the rest of the 
oral cavity. The most superficial scales show more or 
less homy transformation. 

23. Stratified colmnnar epithelium is met 
with on the lining membrane of the respiratory 
organs, as larynx, trachea, and large bronchL It 
consists of several layers of columnar cells : a super- 
ficial layer of conical 9r prismatic cells, with a more 
or less pointed extremity directed towards the depth ; 
between these are inserted spindle-shaped cells, and 
finally inverted conical cells. 

Tlie epithelium of the ureter and bladder is called 
trcmsitianal epit/ielitum. It is stratified, and the most 
superficial layer consists of squamous cells. Under- 
neath this is a layer of club-shaped cells, between 
which extend one or more layers of small spindle- 
shaped cells. 

Amongst the columnar epithelial cells occurring 
in man and mammals the ciliated cells and the goblet 
cellSy and amongst the squamous cells the prickle cells, 
deserve special attention. 

24. Ciliated cells are characterised by possess- 
ing a bundle of very fine longer or shorter hairs or 
cilia on their free surfaca These cilia are direct pro- 
longations of the cell protoplasm. More correctly 
speaking, the cilia are continuous with the filaments 
or stri« of the cell protoplasm. The superficial layer 
of conical cells of the epithelium in the respiratory 
organs, the columnar cells lining the uterus and ovi- 
duct, and the columnar cells lining the tubes of the 
epididymis possess such cilia. In lower vertebrates 
the ciliated cells are much more frequently observed ; 
in Batrachia the epithelial cells lining the mouth, 
pharynx, and oesophagus are ciliated. 
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While fresh in contact with the membrane which 
they line, or even after removal from it, provided 
the cells are still alive, the ciliated cells show a rapid 
synchronous whip-like movement of their cilia, the 
cilia of all cells moving in the same direction. The 
movement ceases on the death of the cell, but may 
become slower and may cease owing to other causes 
than death, such as coagulation of mucus on the 
surface, want of sufficient oxygen, presence of car- 
bonic acid, low temperature, &c. Under these circum- 
stances, removal of the impediment, as by dilute 
alkalies, will generally restore the activity of the cilia. 
Moderate electric currents and heat stimulate the 
movement, strong electric currents and cold retard it. 
Reagents fatally affecting cell protoplasm also stop 
permanently the ciliary action. 

25. Ooblet or chalice cells (Figs. 16, 19) are 
cells of the shape of a conical cup. The pointed part 

is directed away from the free surfa<«, 
and contains a compressed triangular 
nucleus, surrounded by a trace 
of protoplasm. The body of the 
goblet contains mucus. This latter 
may be in various states of forma- 
tion, and may at any time be poured 
out of the cell. Goblet cells are 
most commonly met with amongst 
the epithelium lining the respiratory 
organs, the surface of the stomach and 
intestines, and especially in mucous glands, in whose 
secreting portion all cells are goblet cells. 

The protoplasm of columnar cells facing a free 
surface, no matter whether in simple or stratified 
epithelium, ciliated or non-ciliated, may undergo 
such alteration as will lead to the transforma- 
tion of the cell into a goblet cell. Tliis takes 
place during life, and corresponds to an im- 




Fig. 19. 

From a Vertical Sec- 
tion through the 
Epithelium on the 
surface of the mu- 
COU8 membrane of 
the large intestine. 

Three goblet cells are 
seen pourluff out their 
mucus. The rest are 
ordinary columnar 
cells. 
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portaut function of columnar epithelial cells — viz., 
the formation of mucus. In mucus-secreting 
glands all the epithelial cells have' this function 
permanently, but in ordinary columnar epithelium 
only a comparatively small number of the cells, 
as a rule, undergo this change, and then (mly 
temporarily ; for a cell subject to it at one time may 
shortly afterwards resume the original shape and 
aspect of an ordinary protoplasmic, cylindrical, or 
conical epithelial cell, and vice versa. If ciliated 
cells undergo this change, the cilia are generally first 
detached. 

It can be shown that in this change of an ordinary 
columnar epithelial cell into a goblet cell, the inter- 
stitial substance of the cell reticulum increases in 
amount, the meshes enlarging and distending the body 
of the cell. The interstitial substance probably under- 
goes the change into mucin. 

26. PricMe CeUs (Fig. 17). —Amongst the middle 
and deeper layers of the stratified pavement epithelium, 
such as is present in the epidermis and on the surface 
of the oral cavity and pharynx, we meet with a close, 
more or less distinct and regular striation, extending 
from the mai'gin of one cell to that of each of its 
neighbours, by means of fine transverse short fibrils 
which, passing from protoplasm to protoplasm, connect 
the surfaces of the cells. 

27. Pigmented epithelial cells — i.6., epithelial cells 
filled with black pigment particles (crystals) — are found 
on the internal surface of the choroid and iris of 
the eyeball. 

In coloured skins, and in coloured patches of skin 
and mucous membrane, such as occur in man and 
animals, pigment in the shape of dark granules is 
found in the protoplasm of the deeper epithelial 
cells, as well as in branched cells situated between 
the epithelial ceUs of the deeper layers. Minute 
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branched non-pigmeDted nucleated cells are met with 
in ihe interatittal or cement substance of various kinds 
of epithelium, simple and stratified, e.g., epidermis, 
epithelium of oral cavity, cornea, &c, 

28. Epithelial cells undergo division, and by this 
means a constant regeneration takes place. In those 
parts where the loss of the superficial layers of cells is 
conspicuous, such as the epidermis, the stratified epi- 
thelium of the tongue and oral cavity, the sebaceous 
follicles of hairs, the regeneration goes on more 
copiously than at places where no such conspicuous 
loss occurs — ^as, for instance, in the stomach and in- 
testines, the secreting glands, or sense organs. 

In the stratified pavement epithelium it is the 
cells of the deepest layers which chiefly divide. As a 
rule, this division takes place transversely in the 
cylindrical cells, but may also be longitudinally (A. 
Kollmann). The epithelial cells next to the deepest 
layer of columnar cells are to a great extent the result 
of the division of the latter, and as this proceeds there 
is a gradual shifting of the older cells towards the 
surface, and a simultaneous flattening of the cell pro- 
toplasm as well as the nucleus. 

29. The interstitial substance between, and the pro- 
toplasm of, the epithelial cells being a soft flexible 
material, the cells can change their shape and aiTange- 
ment owing to pressure exerted on them by the con- 
traction or distension of the subjacent membrane. 
Thus, the epithelium lining a middle-sized bronchus 
at one time appears composed of thin columnar cells 
in two layers ; at another, as a single layer ; or again, 
as a single layer of short columnar cells : in the first 
case the bronchus is contracted, in the second in a 
medium state of distension, in the third much dis- 
tended. Similar changes may be noticed in the epithe- 
lium lining the bladder and the stratum MalpighiL 
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CHAPTER IV. 

ENDOTHELIUM. 

30. The free surfaces of the serous and synovial 
membranes, and of those of the brain and spinal 
cord, the posterior surface of the cornea and anterior 
surface of the iris, the surfaces of tendon and tendon- 
sheaths, the lymph sinuses or lymph sacs of amphibian 
animals, the cavity of the heart, of blood-vessels 
and of lymphatic-vessels are lined with a continuous 
endotJielial nie7)ibrane, composed of 
a single layer of flaZteiied traiis- 
jyarerU sqvxiriioiis cells, called endo- 
tlielial cells (Fig. 20). Each contains 
an oixd nucleus, situated as a rule 
excentrica.Uy. Just as in the case 

of epithelium, the endothelial cell ''if,- t^e~MSBeIiU'ry"of 

[>lates are joined by a fluid or semi- ^'a*- 

fluid homogeneous interstitial or '^tLuaT'Sfiu! *a'.!d"te 

. t . £ j.-t 1. c uucleu* ol Uie latter 

cement substatice ot the nature oi are weii shown. 
globulin. When examining any of 
the above structures fresh, the endothelial cells are 
not, as a rule, visible, owing to their great trans- 
parency; but by staining the structures with a 
dilute solution of nitrate of silver, and then ex- 
posing them to the influence of the light, the cement 
substance appears stained black, whereby the shape 
and size of the cell plates become evident. By various 
dyes also the nucleus of each cell plate may be brought 
into view. 

On careful examination, and with suitable re- 
agents, it can be shown that each endothelial cell 
consists of a homogeneous (/routKl^jlate, In it 
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lieB the nucleus, and aroimd it is a Bubstance which 
appears granular, but which is of a filiriUar nature, 
the fibrillte being arranged in a network, and extend- 



Fig. 21— Network at Lymphatlis in the Central Tendon of the 
Difliphriurm of Eabhit, prepared with Ditrate of HiLver. bo oa l4> show 
the antlines of the Endothelial Colla roimiug the wall of the 
LfiBphatiee. 

'' '^f l''™'^^'^ wf°'* ' ^ 'rmjiliUlc caflllulcii c, aiiparcu oAt at lb* 

ing in many places up to the margin of the ground- 
plate. The nucleus is limited \iy a membrane, and 
contains a well-developed reticulum. The iibrillee of 
the cell substAnce appear to be connected with the 
nuclear reticulum. 

31. As r^ards sbape, endothelial cells differ 
condderablf. Those of the pleura, pericardium, 
peritoneum, and endocardium of man and mammals 
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are more or less polygonal, or slightly elongated. Their 
outlines vary ; in the lining of the lymph sacs of the 
fn^ they are much larger, and of very sinuouiB out- 
line ; while those of the posterior surface of the cornea 



m of Babbit, stajned w: 



are very regular, pentagonal, or hexagonal, having 
straight outlines in the perfectly normal and well-pre- 
served condition, but serrated and sinuous after they 
have been prepared with various reagents and in the 
abnormal state ; the endothelial plates lining the blood- 
vessels and lymphatic vessels (Pig, 21) are nan-ow and 
elongated, with more or less sinuous outlines. In the 
lymphatic capillaries the endothelial plates are poly- 
gonal, but their outline serrated. 

32. As a rule the endothelial cells are flattened, 
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%.«., scaly— but in some places they are polyhedral, 
or even short columnar. Sucb cells occur isolated or 
in small groups, or covering lai^ and small patches, 
nodular, villous, or cord-like atmcturee of the pleur& 



and omentum, on the synovial membranes, tunica 

vaginalis testis, &e. They are especially observable 
in considerable numbers in the pleura and omentuin 
[Fig. 22) of all normal subjecte (in man, ape, d(^, cat, 
and rodent animals) ; their number and frequency of 
occurrence are increased in pathological conditions 
{chronic inflammations, tuberculosis, cancer, ifec). 

These endothelial cells are the fferminating endo- 
tltelial celU, and ttey can be shown to be in an 
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active state of division. They thus produce small 
spherical lymphoid (amceboid) cells, which ultimately 
are absorbed by the lymphatics, and carried into the 
blood system as white blood corpuscles. On the sur- 
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fece of the serous membranes, especially the diaphrag:m 
(Fig. 23) and pleura, there exist minute openings, 
itomata, leading from the serous cavity into a lym- 
phatic vessel of the serous membrane. These stomata 
are often lined by germinating cells. 

33. In the frt^, germinating cells occur in great 
abundance on the meaogaatrium and the part of the 
peritoneum which separates tlie peritoneal cavity 
from the cistema lymphatica magna. This part of 
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the peritoneum is called the septum cisteiiue lym- 
phaticiB magnie, and on it occur numerous holes or 
stomata, by which a free communication is established 
between the two cavities. On the peritoneal surface 
of this septum the stomata are often bordered by I 
germinating cells. In the female frog, these and ^ 
other germinating endothelial cells of the peritoneum i 
(mesogastrium, mesenterium, septum cistemsB) are 
ciliated. 

34. The omentum and parts of the pleura are, in 
the adult human subject, ape, dog, cat, guinea-pig, rat, 
&c., of the nature of a feriBstrated membrane (Fig 24), 
bands of fibrous tissue of various sizes dividing and 
reuniting, and leaving between them larger or smaller 
holes, in shape oblong or circular. These holes 
or fenestrse are not covered with anything, the endo- 
thelial cells adhering only to the surfaces of the 
bands without bridging over the fenestrse. On the 
peritoneal surface of the diaphragm the endothelial I 
cells possess a different arrangement from that on 
the pleural side ; on the former surface a number of 
lymph channels (that is, clefts between the bundles 
of tendon and muscle) radiate towards the middle 
of the central tendon. The endothelium of the free 
surface over these lymph channels is composed of 
much smaller cells than at the places between, 
so that the endothelium of the peritoneal surface of 
the diaphragm shows numbers of radiating streaks 
of small endothelial cells. Many of these small cells 
are not flattened, but polyhedral, and of the nature 
of germinating cells (Fig. 23.) The above-mentioned 
stomata occur amongst these small endothelial cella 
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CHAPTER V. 

FIBROUS CONNECTIVE TISSUES. 

35. By the name of " connective tissues " we desig- 
nate a variety of tissues which have in common with 
one another, that they are developed from the same 
embryonic elements ; that they all serve as supporting 
tissue or connecting substance, for nervous, muscular, 
glandular, and vascular tissues ; that they are capable 
of taking one another's place in the different classes of 
animals; that in the embryo and in the growing normal 
and morbid condition one may be changed into the 
other; that in the adult they gradually shade off one into 
the other ; and that they yield allied chemical products. 

Connective tissues are divided into the three great 
groups of (1) fibrous connective tissue; (2) cartilage ; 
(3) bone, to which may be added dentine. Each of 
these is subdivided into several varieties, as will 
appear farther on, but in all instances the ground 
svhstance, or matrixy or intercellular substance, is 
to be distinguished from t/ie cells. In the fibrous con- 
nective tissue the matrix yields collagen or gelatin, 
and the cells are called connective tissus cells, or con- 
nective tissue corpuscles. In the cartilage the ground 
substance yields chondrin, and the cells are called car- 
tilage cells. In the third group the ground substance 
contains inorganic lime salts, intimately connected 
with a fibrous matrix, and the cells are called hone 
cells, 

36. The fibrous coiiiieclivc lissiie, or ^vhite 
fibrous tissue, occurs in the skin and mucous 
membranes, in the serous and synovial membranes, 
in the membrane? of the brain and spinal cord, in 

D— 1 
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tendons and tendon sheaths, in faecue and aponeuroses, 
in the int«nnuscular tissue, and in the tissue con- 
necting neighbouring organs, &C, It consists of 
mici'oscopic band-like or cylindrical bundles or fasciculi 
of exceedingly fine homogeneous fibrils (Fig. 25), which 
are known as the elementary connective lutsue fihriU. 



Fig. 25.-Fleiii8 ol BuudleB of Fibrous Tissne from Che Omentum 

of Rat. 

', A uplll>rr mood vencl i M>und]e9 oT tlliniut aam: c, Ihe conuettivu-Iluua 

cutpuBclf.; J,i.la«miwll.. lAilM.) 

According to the miniber of these the bundles difter 
In size. The bundles, and also their constituent 
fibrils, may be of veiy great length— several inches. 
Where the fibrous tissue forms continuous masses — ■ 
as in tendon, fascia, aponeurosis, skin, and mucous 
membrane — the microscopic bundles are aggregated 
into smaller or larger groups, the trabeculai, and these 
are again associated into groups. The fibrils are held 
together by an albuminows (globulin), semi-tluid, homo- 
geneous cement gvhstance, which is also present between 
the bundles forming a trabecula. 

On adding an acid or an alkali to a bundle of 
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fibrous tissue, it is seen to swell up and to become 
glassy-looking, homogeneous, and gelatinous. Sub- 
jected to boiling in water, or to digestion by dUute 
acids^ the bundles of fibrous tissue yield collagen or 
gelatin. . 

37. According to the arrangement of the bundles, 
the fibrous connective tissue varies in different locali- 
ties. (1) In tendons and fascise the bundles are 
arranged parallel to one another. (2) In the true 
skin and mucous, serous, and synovial membranes, in 
the dura mater and tendon sheaths, the trabeculse of 
bundles divide repeatedly, cross and interlace very 
intimately with one another, so that thereby a dense 
felt-work is produced. (3) In the subcutaneous, sub- 
mucous, or subserous tissue, in the intermuscular tissue, 
in the tissue connecting with one another different 
organs or the parts of the same organ — i. 6., interstitial 
connective tissue — the texture of the fibrous tissue is 
more or less loose, the trabeculse dividing and re- 
uniting and crossing one another, but leaving between 
them larger or smaller spaces, cellulse or areolae, sc^ 
that the tissue assumes the character of a loose 
plexus, which is sometimes called " areolar " or " cel- 
lular tissue." Such tissue can be more or less easily 
separated into larger or smaller lamellse, or plates of 
trabeculse. (4) In the omentum and parts of the 
pleura of man, ape, dog, cat, and some rodents, and 
in the subarachnoidal tissue of the spinal cord and 
brain, the trabeculse form 9, feneai/rated membrane^ with 
larger or smaller oval or circular holes or fenestrse. 

38. The connective tissue cells or corpuscles 
occurring in white fibrous tissue are of several varie- 
ties, (a) In tendon and fasciae the cells are called 
tendon cells or tendon corpuscles; they are flattened 
nucleated protoplasmic cells of a square or oblong 
shape (Fig. 26), forming continuous rows (single files), 
situated on the surface of groups of bundles of fibrous 
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tissue. Between these groups are wider o 
channels — fA« iuterjiueicular »paee» — running parallel 
with the long axis of the tendon (Fig. 27). The cells 
in each row are separated from one another by a narrow 
line of albuminous cement substance, and the round 



rig. 28.— Tendon ol Monse's Toil. 

nucleus of the cell is generally situated at one end, in 
such a way that in two adjacent cells of tlie growing 
tendon the nuclei face each other. This indicates 
that the individual cells undergo division. Corre- 
sponding to the margin of each row, the cells possess 
minute processes. The cell plate is not quite flat, but 
jrassessed of one, two, or even three membranous projec- 
tions by which it is wedged in between the individual 
bundles of the group to which the row of cells belongs, 

39. (b) In the s^vius membranes, cornea, subcu- 
taneous tissue, and loose connective tissues, the cells 
ai-e flattened transparent corpuscles, each with an 
oblong flattened nucleus, and more or less branched 
and connected by their pi-oceases. In the cornea they 
are spoken of as the eoiiieal corpuscles, and are very 
richly bi-anched (Fig. 2Sf). They are situated between 
the kmclJae of fibrous bundles of which the ground 
substance of the cornea consists. 

These corpuscles ai-e also situated in the interfasci- 
cular spaces, or spaces left between the bundles of the 
fibrous matrix, which are cavities in the interstitial 
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cement cementing the bundles and trabeculee together 
(von Becklinghausen). In the cornea and seroua mem- 
branes these spaces 
possess the shape 
of branched lacu- 
nie, each lacuna 
being the home 
of the body of 
the cell, while tlie 
branches or cana- 
liculi contein its 
processes. These ' 
caiialiculi form the „ „ „ _. „ „. .. „ . 

, , , , . , Fig. 27 From a TraiiBverseSectionthniagh 

channels by which Ibe Tendons of the Tail ol a MonBs.itnlned 



neighbonring lacu- 
nte anast. 
with one another 



with fold chloride. 

wnent niiiZuai lulkpa >lt1i (oKr rhkArtdi!' 

tluv an Uh ituiBHi Iwtinni Uia bondln nl 

(rig. oO). 1 he cell bFrpulboclnirqiiinvlncrnHnTlloB. Inoch 
and its pi-OCeSSes du discrrnllile ■bm, Ibi? tDiig iilB n( tbi'sp mvs 

not fill up the la- ^8,£™<'i "'"""' '""s "" °""""™*'ii. 

cnnaand its canali- 

culi. In loose connective tissue the lacuna may be of 

considerable size, and may contain several connective 
cells, which make as it 
were a lining for it. 
These in some places are 
very little branched, and 
almost form a continuous 
endotheloid membrane of 
flattened cells. Such is 
the mihejnthelial endottie- 
lium of Debove, occur- 

"' """^"^iBraw'evfu'^Aiis"]'' "' ^^^ underneath the epi- 
thelium on tlie wwrface 

of the mucous membrane of the bronchi, bladder, 

and intestines. 

40. (c) In the trne akiu and mucous membranoa 




the connective tissue cells are also branched flattened 
corpuscles, and by their longei 



nected into a network (Fig. 28), 
Each cell has a flattened oblong 
nucleus. As a rale, some of 
the processes are membranous 
prolongations coming off under 
an angle from the body of the 
cell, which is then called the 
chief plate, the processes being 
the secondary plates. By the 
latter the cell is wedged in 
^*S KitteS%?-ii^^ between the bundles of the tra- 

NetHorksoltheBranched becula tO whicll it belongs. 

., SrS°rr!S, ,„ n« ch.™cler of tS. ceU. 

IrliT^Mie*' iAiias"' '^ '"" (*■*■' possession of secondary 
plates) is well shown by the 
cells of the skin and 
niucons membranes, 
but only in a very 
limited degree by 
those of the cornea 
and serous mem- 
branes, and somewhat 
better by some of 
those of the subcuta- 
neous and other loose 
connective tissues. 

In the skin and 
mucous_ membranes 
also the cells and 
their processes are 

situated in the in- Fig. SO.-Ttomtbe Cornmrt 

terfasciciilar spaces. 

41. The connec- 
tive tissue corpuscles 
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hitherto mentioned are fixed corpuscles ; they do not 
show movement. KOhne and Rollett ascribe to the 
corneal corpuscles a certain amount of contractility, in- 
asmuch as they are said to be capable of withdrawing 
their processes on stimulation. When this ceases they 
are said again to protrude them. According to Strieker 
and Norris, they acquire contractility when the corneal 
tissue is the seat of inflammatory irritation. It can 
be shown that the connective tissue cells consist, like 
the endothelial plates, of a ground plate and a fibrillar 
reticulated (granular^looking) substance around the 
nucleus, and extending beyond the ground plate into 
the processes of the celL 

42. Pig^meiit cells.— In the cold-blooded verte- 
brates, fishes, reptiles, and amphibian animals, we 
find certain branched nucleated connective tissue cor- 
puscles, distinguished by their size and by the proto- 
plasm both of the cell-body and processes (but not of 
the nucleus) being filled with pigment granules. The 
pigment is either grey or yellow, or more commonly dark 
brown or even black These cells are called pigmented 
connective tissue cells, or simply pigment cells. They 
are very numerous in the skin of fishes, reptiles, and 
amphibian animals, and also around and between the 
blood-vessels of the serous membranes. They are also 
present in man and mammals, but then they are 
chiefly limited to the eye-ball, where they occur in the 
proper tissue of the iris of all but albino and bright 
blue eyes, and in the tissue of the choroid membrana 
In dark eyes of mammals a large number of these cells 
are found in the tissue between the sclerotjc and 
choroid, as the lamina fusca, and also, but to a more 
limited degreo, in the sclerotic. As a rule they appear 
to be of various kinds: such as are flattened, large 
plates perforated by a number of small and large holes 
and minute clefts; such as possess a more spindle- 
9)iaped body, and long, thin, not very richly branc1ie4 
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processes ; and intermediate forms between the two. 
Bnt on careful examination it will be seen tliat these 




Fig. Sl.-Pigmeut Cells ol tha Tstl ot Tadpols. 



appearances are due to different states of contraction 
of the same kind of cells {Fig. 31). 

43. In the lower vertebrates the dark pigment 
cells show marked contractility, inasmuch as they are 
capable of altogether withdrawing into their body th*i 
pigmented processes. In the passive state tliasc ore 
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exceedingly numerous, and form a network so dense 
that the whole mass of cells resembles an extremely 
close network of pigment. In the maximum of 
activity the processes disappear, being withdrawn into 
the cell-body, which now looks like a spherical or 
oblong mass of black pigment. Between the states 
of passiveness and maximum activity there are various 
intermediate grades, in which the pigmented processes 
are of various numbers and lengths. 

44. Owing to the great number of the pigment 
cells in the skin of fishes and amphibians, the 
state of contraction of these cells materially affects 
the colour of the skin. If the dark pigment cells 
of a particular part contract, the skin of this parti- 
cular part will become lighter and brighter, the degree 
of lightness and brightness depending on the degree 
of contraction of the pigmented processes by the cells. 
Briicke has shown that darkness is a stimulus to the 
pigmented cells ; they contract, and the skin becomes 
light Sunlight leaves the pigmented cells in the 
passive state, i.e., the skin becomes dark. If pre- 
viously they have been contracted by darkness, on 
being exposed to sunlight they again return to the 
passive state. The contraction of the pigment cells 
is under the direct influence of the nervous system 
(Lister). Pouchet proved that the contractility of the 
pigment cells of the skin of certain fishes is influenced 
as a reflex action by the stimulation of the retina by 
light. 

45. Fat cells. — Fat cells in the ripe and fully- 
formed state are spherical, large vesicles, each con- 
sisting (a) of a thin protoplcLsmic membrane^ which at 
one point includes an oval nucleus flattened from side 
to side, and (b) of a substance, which is an oil globule 
filling the cavity of the vesicle (Fig. 32). These 
fat cells are collected together by fibrous connective 
tissue into smaller or larger groups, which in their 



^a Elements of Wstologv [Chap. v. 

turn foim lobules; these again become lobes, and 
these make continuous tnoases. Each group and 
lobule has its afferent arteriole, one or two eff^ent 
veins, Mid a deiise network of capillaries between ; 
each mesh of the capillary network holding one, 
two or tiiree fat cells, (Fig. 62.) Such are the 



Fig. .18. —Prom a PMpBTBtion o[ the OmentHm of Qnineo-pig. 

nature and arrangement of fatty tissue in the sub- 
cutaneoua and submucous tissue, in the serous and 
^novial membranes, in the intermuscular tissue, in 
tie loose tissue connecting organs or parts of organs. 

It can be shown that fat cells are derived from 
ordinary connective tissue cells. In some places— 
both in tlte embryo and adult — the protoplasm of the 
connective tissue corpuscles growing in size becomes 
filled with small oil globules, which, increasing in 
numbei-s, become fiised with one another to larger 
globules ; as their size thus increases the cell nucleus 
.becomes shifted to the periphery; ultimately one 
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large oil globule fills the cell, and what is left of the 
cell protoplasm surrounds this oil globule like a mem- 
brane. Tlie cell as a whole has become in this process 
many times its original size. 



Fig. 33.— From 



46. It can also be shown that where at one time 
only few isolated connective tissue corpuaclea are 
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present, at another time, in the natural state of growth, 
and especially imder very favourable conditions of 
nutrition, the connective tissue cells become increased 
by cell-multiplication so as to form groups; these 
continue to increase in size and to be gradually fur- 
nished with their own system of blood-vessels ; the in- 
dividual cells constituting the group become then con- 
verted into fat cells, and their processes are thereby lost. 

Individual connective tissue cells situated in the 
neiglibourhood of small blood-vessels are converted 
into fat cells under favourable conditions of nutrition. 

In starvation the fat cells lose their oil globule, 
they become smaller and contain a serous fluid, which 
may ultimately also disappear. Finally, the fat cell 
may be reduced to a small, solid, protoplasmic, slightly 
branched cell. 

47. In many places the fibrous connective tissue 
includes, besides the fixed cells, others which show 
amoeboid movement. These are of two kinds : (1) 
'inigratory or wandering cells. These are identical 
with colourless blood corpuscles as regards size, shape, 
aspect, and general nature (Fig. 28, m). They wander 
about through the spaces of the fibrous tissue. Some 
of them are slightly larger, and possess one compara- 
tively large spherical nucleus. The amoeboid movement 
of these cells is not so distinct as in the smaller 
variety. (2) Plasma cells of Waldeyer. They are 
larger than the former, less prone to migrating, being 
possessed of only slight amoeboid movement, which is, 
however, sufficiently pronounced to be detected. They 
always contain coarse granules, which are composed 
of a substance which is not fat, but something between 
protoplasm and fat. They stain deeply in dyes, and 
the corpuscles correspond to similar "granular" cor- 
puscles of the blood. These " granules " may change 
into fat globules, and thus the plasma cell becomes 
transformed into a fat cell. 
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48. The wandering cells occur almost in all loose 
fibrous tissues, chiefly around or near blood-vessels; 
they are not numerously inet with in the healthy 
state, but increase greatly in the state of inflamma- 
tion of the part. The larger kinds are met with in 
certain localities only; in the sub-lingual gland of the 
dog and guinea-pig they occur in numbers between 
the gland tubes or acini. They are also found in the 
mucous membrane of the intestine. The plasma cells 
are met with chiefly in the inter-muscular tissue, in 
the mucous and sub-mucous tissue of the intestine, in 
the trabeculsB of the lymphatic glands, and in the 
omentum. Both kinds, but especially the plasma 
cells, are capable of swallowing minute particles 
of extraneous matter — granules of living (bacteria) 
and non-living matter that accidentally find en- 
trance into the connective tissiie— and this power 
they also share with the white corpuscles of the blood. 
These cells, when acting in this capacity, are called 
phagocytes. 

49. Development of fibrous tlssue«--Eibrous 
connective tissue is developed from embryonic connec- 
tive tissue cells, ^.e., from spindle-shaped or branched 
nucleated protoplasmic cells of the mesoblast. The 
former are met with isolated or in bundles, as in the 
umbilical cord or embryonic tendon. The latter form 
a network, as in the foetal skin and mucous membrane. 
In both instances the protoplasm of the embryonic 
connective tissue cells becomes gradually transformed 
into a bundle of elementary fibrils, with a granular- 
looking interstitial substance. The nucleus of the 
original cell finally disappears. A modification of 
this is when only part — generally the peripheral — of 
the cell-substance is converted into a bundle of con- 
nective tissue fibrils and inter-fibrillar cement sub- 
stance. A remnant of the protoplasm persists around 
the nucleus as a connective tissue celL 
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The same modes of formation of connective tissue 
may be also observed in the adult under normal and 
paUiological conditions. 

50. Fibrous connective tissue is in most places 
associated jnth elastic fibres or yellow elastic tissue. 
These are of bright aspect, of variable thickness and 
length, branching 

and anastomos- 
ing so as to form 
networks (Fig. 
34). They are 
sometimes 
straight, but 
more often twist- 
ed and coiled. 
The latter condi- 
tion may be ob- 
served when the 
tissue is shrunk, 
the former when 
it is stretched. 
Theydo not swell 

up in acids or al- ^.^ ^-^Tom ■ PrepajaUon ol the Meaentarj. 
kaUes, nor yield ^^ ^^^^,_,^ ^^ ^^^^^^ ^^ ^^^^^^ ^^ ^,^^,^ 

gelatin on boil- '"j''^-"' (Ahm.) 

ing, but contain 

a chemically different substance, viz., elastin. When 
broken their ends genei-ally curl iip. 

51. Elastic fibres occur in great numbers as net- 
works extending between the bundles of fibrous tissue, 
in the skin and mucous membranes, in the sei-ous and 
synovial membranes, and in the loose interstitial con- 
nective tissues. They are not very commonly met 
with in tendons and fascias ; in the former they are 
Been as single fibres often twisting round the tendon 
bundles. 

Elastic fibres forming bundles, but branched and 
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connected into networks within the bundle, are to 
be found in large numbers in the walls of the 
alveoli of the lung, in the ligamenta fiava, in the 
ligamentum nuchse of the ox (in which the fibres 
are exceedingly thick cylinders), in yellow elastic car- 
tilage {see below), in the endocardium and valves of 
the heart, and in the vascular system, particularly the 
arterial division. In the latter organs the intima, 
and also to a great extent the media, consist of elastic 
fibrils densely connected into a network. 

52. The following are special morphological modi- 
fications of the elastic fibres : {a) elastic fenestrated 
membranes of Henle, as met with in the intima 
of the big arteries; these are in reality networks 
of fibres with very small meshes, and the fibres 
unusually bi'oad and flat. (6) Ilomogetieous elastic 
membraneSj which surround, as a delicate sheath, the 
connective tissue trabeculae in some localities, e.g,y 
subcutaneous tissue, (c) Homogeneous-looking elastic 
membranes in the cornea, behind the anterior epithe- 
lium as Bowm^rCs anterior elastic membra/ne, and at 
the back of the cornea as elastica posterior, or 
Descemsfs membrane ; in the latter bundles of riinute 
fibrils have been observed, {d) Elastic trabeculse 
forming a network, as in the ligamentum pectinatum 
iridis. In the embryonic state the elastic fibres are 
nucleated, the nuclei being the last remnants of the 
cells from which the fibres develop, one cell generally 
giving origin to one fibre. These nucleated fibres are 
called Henle's nucleated fibres. 

53. Special varieties of fibrous connective tissue 
are these : 

(1) Adenoid reticulum. This is a network of fine 
fibrils, or plates, forming the matrix of lymphatic or 
adenoid tissue. (aS66 Lymphatic glands.) The reticulum 
is not fibrous connective tissue nor elastic tissue ; it 
contains nuclei in the young state, and is derived from 
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a network of branched cells ; but in the adult state 
the reticulum itself possesses no nuclei Those found 
on it do not form an essential part of it. 

(2) The neuroglia of Virchow is a dense network 
of very fine homogeneous fibrils which form the sup- 
porting tissue for the nervous elements in the central 
nervous system. These fibrils are supposed to bo 
elastic fibres (Gerlach). Embedded in the network of 
these fibres are found branched nucleated flattened 
cell plates, which are the proper connective tissue cella 

(3) Gelatinous tissue. This occurs chiefly in 
the embryo, being the unripe state of fibrous 
connective tissue. It consists of spindle-shaped or 
branched connective tissue cells, separated from one 
another by a homogeneous transparent mucoid sub- 
stance. It is met with in the umbilical cord and in 
the cavity of the middle ear of the embryo, and in 
the places where fibrous connective tissue is to be 
developed. After birth it is found in the tissue of 
the pulp of the teeth, and in some places as precursor 
of fat tissue. - 



CHAPTER VI. 

CARTILAGE. 

54. Cartilage consists of a firm ground substance 
which ^delds chondrin, and of cells embedded in it. 
Most cartilages (except on the articulating surface) 
are covered on their free surface with a membrane 
of fibrous connective tissue with a few elastic fibrils. 
This membrane is supplied with blood-vessels, lym- 
phatics, and nerves, and is of essential importance for 
the life and growth of the cartilage. This is the perv 
c/iondrium. There are three varieties of cartilaga 
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55. (1) Hyaline cartilage (Fig. 35). This occurs 
on the articular surfaoea of all bones ; on the borders 
of many short bones ; in the sternal part of the riba, 
as costal cartilages; at the margin of the sternum, 
scapula, and os ileum ; in the rin^ of the trachea, 
the cartilages of the bronchi, the septum and latci'al 
cartilages of the nose ; 
and in the thyroid and 
cricoid cartilages of the 
larjnx. The ground sub- 
stance is hyaline, i.e., 
transparent, like ground 
glass, and firm. The cells 
are spherical or oval pro- 
toplasmic corpuscles, each 
with one or two nuclei. 
They undergo division, ^'^- ^hS''t^S^'^ "' 

and iilthough the two off- ,„ ^■^^^ i,y,Hi» «rnuna euiieunre im 

springs are at first close J^°u'«,™" "*" '*'" °°''"*^ '" 
together (half moon-like 

in optical section), they gi-adually grow wider apart by 
the deposit of hyaline ground substance between them. 
The cells are contained in cavities called the cartilage 
UicuniK. Each cell generally occupies one lacuna, but, 
according to the progress of division, a lacuna may 
contain two, four, six, or eight cartilage cells; the 
latter are those cases in which division proceeds at a 
more rapid rate thjin the deposition or formation of 
hyaline ground substance between the cells. 

The part of the cartilage next to the perichondrium 
showsmostactivegrowth;hencethecell8areheresnialler, 
closer together, and there is less ground substance. 

Each lacuna is lined by a delicate membrane, 
and, according to the state of the cell, is either com- 
pletely or partially filled out by it. This membrane 
is called the capsule (Fig. 35). In many cartilages, 
especially in growing cartilage, it is thickened by the ad- 
E— 1 
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dition of a layer or layers of hyaline ground substance ; 

this ia the most recently-formed part of tlie matrix, but 

is still distinct 

from the rest of 

the ground aub- 

Btance. 

56. In some 
places, especi- 
ally in articular 
cartilt^e (Till- 
manns, Baber), 
bundles of fine 

tissue fibrils 
may be noticed 
in the hyaline 



in ot the sternal 



stance. 

57. In some 
cartilages, 
protoplttsi 

(Fig. 37). 



■^Ki-e^L^jjsrf" 



bard and 

cartilage. 



of the cell becomes filled with fat globules 
This fact may be observed in many normal 
cartilages ; sometimes the fat globules 
tecome confluent into one large di-op, 
and then the cell has the appeai-ance of 
a fat cell. In age, disease, and defi- 
cient nutrition, lime salts are deposited 
in the ground substance, beginning 
from tlie circumference of the cells. 
llie earthy matter appears in the shape 
Q^ of opaque granules, or irregular or 
>ha>. angular granules. The ground Bub- 
"^iK stance thereby loses its transparency, 
becomes opaque in transmitted, white 
in reflected, light, and, of course, very 
irittle. This process is the calcification of 
It ia also met with in cartilage that is to be 
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replaced by bone, being the precursor of the formation 
of bone, as in the embryo (see below), and at the 
growing ends of long bones. 

58. The multiplication of the cartilage cells has 
been observed during life by Schleicher and Flemming. 
It takes place after the mode of karyokinesis. The 
lacunae of the cartilage are not isolated cavities, but 
are connected with one another by fine channels (Fig. 
36), so that the ground substance is easily permeable 
by the current of nutritive fluid. These channels and 
lacunae make one intercommunicating system, and are 
connected with the lymphatics of the perichondrium 
(Budge). Formed matter, as pigment granules, red 
and white blood corpuscles, and pus corpuscles, may 
also find its way into the channels and lacunae of the 
cartilage from the perichondrium. 

At the borders of articular cartilage, where this is 
joined to the synovial membrane and the capsule of 
the joint, the cartilage cells are more or less branched, 
and pass insensibly into the branched connective tissue 
cells of the membrane. In foetal hyaline cartilage 
many of the cells are spindle-shaped or branched. 

59. In the cartilage separating the bone of the 
apophyses from the end of the diaphysis of tubular 
bones, there is a peculiar hyaline cartilage, known as 
the intermediate or ossifying. Its cells are arranged 
in characteristic vertical rows, owing to the continued 
division of the cells in a transverse direction. 

Cartilages, or parts of cartilages, in which the cells 
are very closely placed, owing to the absence, or 
scanty deposit and formation, of ground substance, 
are called parenchymatous or cellular. 

60. (2) Fibpo-cartilage, or connective tissue car- 
tilage, occurs as the intervertebral discs, as the inter- 
articular cartilages, sesamoid cartilages^ and as that 
f oimiog the margin of a fossa glenoidalis. It consists of 
fihrous connective tissue (arranged in bundles^ and these 
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again in layers. The ground substance of this carti- 
lage is said (1) to 
yield chondrin and 
not gelatii^ Be- 
tween the strata of 
the fibrous bundles 

less flattened oval 
protoiilasmic nu- 
cleated cflls, each 
invested in a deli- 
cate capaule(Fig. 38 ). 
They are less flat- 
tened than the cells 
of tendon, and the 
capsule distinguislies 

the two. Wherefibi'O- ^„^„,„ .,„. „„„u„.b, „„,„„„» uBmcimuru. 
cartil^^e passes into ofcnniiMe^iiB- iaumj 

tendinous tissue, 

the two kinds of cells pj;ss inaensibty into one another. 
61. (a) Yellow, or 
plastic cnrtilage. — 
This variety is also called 
reticular ; it occurs in the 
epiglottis, in the external 
ear, in the Eustachian tube, 
in the cartilages of Wiis- 
berg and Santorini in the 
larynx. In the early 
stage this kind is hyaline. 
Oradually numbers of 
elastic fibrils make their 
Fig. M.-PromaSecWoutiirongh appearance, growing into 

a. Pirtghonarlura ; », neiwortE nt ^^ Cartilage matrix from 

fiSe «i'iii'"uui»"')'""^''* "'* '^"^" ^^ perichondrium in a 
more or leas vertical direc- 
tion, and branching and anastomosing with one 
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another. The final stage is reached when the ground 
substance is permeated by devAe networks of edastic 
fibrils (Fig. 39), so arranged that spherical or oblong 
spaces are left, each of which, contains one or two 
ca/rtUage cells, surrounded by a smaller or larger zone 
of hyaline ground substance. 



CHAPTER Vll. 

Bt>NE. 

62. Bone, as osseous substance, is associated with 
several other soft tissues to form a bone in the ana- 
tomical sense of the word. 

(a) The periosteiiin. — Except at the articular 
surfaces, and where bones are joined with one another 
by ligaments or cartilage, all bones are covered with a 
vascular membrane of fibrous connective tissua This 
is the periosteum. It consists in most instances of 
an outer fibrotis layer, composed of bundles of fibrous 
tissue densely aggregated, and an inner, or osteogenetic 
layer, which is of loose texture, consisting of a mesh- 
work of thin bundles of f^ous tissue, in which nu- 
merous blood-vessels and many protoplasmic cells are 
contained. The blood-vessels foim by their capillaries 
a network. The cells are spheroidal or oblong, each 
with one spherical or oval nucleus. They have to 
form bone-substance, and are therefore called the osteo- 
blasts (Gegenbaur). 

(6) The cartilag^e is hyaline cartilage, and its 
distribution on and connection with bone have been 
mentioned above on pp. 46 and 48. 

63. (c) The marrow of bone is a soft vascular 
tissue, filling up all spaces and cavitiea It consists 
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of a very s^mall amount of fihrcyaa tissue as a matrix, 
and.in it are embedded numerovs Mood-vessels and ceUs, 
The few afferent arterioles break up into a denne net 
work of capillaries, and these are continued as plexuses 
of veins, characterised by their size and exceedingly 
thin walls. The cells are of the same size, aspect, and 
shape as the osteoblasts of the osteogenetic tissue, and 
they ai*e called marrow cells. 

In origin and structure, the tissue of the osteo^ 
genetic layer of the periosteum and tJie marrow are 
identical In the embryo, the marrow is derived 
from an ingrowth of the osteogenetic layer of the 
periosteum [see below), and also in the adult the two 
tissues remain directly continuous. As will be shown 
later, the marrow at the growing ends of the bones 
is concerned in the new formation of osseous substance 
in the same way as the osteogenetic layer of the peri- 
osteum is in that of the surface ; and in both tissues 
the highly vascular condition and the cells (osteoblasts 
of the osteogenetic layer, and marrow cells of the 
marrow) are the important elements in this bone 
formation. Marrow is of two kinds, according to 
the condition of the cells. If many or most of these 
are transformed into fat cells, it has a yellowish aspect, 
and is called yellow marrow ; if few or none of them 
have undergone this change, it looks red, and is called 
red marrow. In the central, or marrow, cavity of the 
shaft of tubular bones, and in the spaces of some 
spongy bones, the marrow is yellow ; at the ends of the 
shaft, in the spongy bone substance in general, and in 
young growing bones, it is red. 

The cells, especially those of red marrow, are the 
elements from which normally vast numbers of red 
blood<corpuscles are formed, as has been mentioned on 
a former page. 

In marrow, particularly in red marrow, we meet 
with huge multi-nucleated cells, called Myeloplaxes of 
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R<Mn. They are derived by overgrowth from oi'diiiary 
marrow cella, and are of importance for the absorption 
and formation of bone (see below). According io 
Heitzmann, Malaasez, and others, they also have to 
do with the formation of blood-vessels and blood- 
corpuscles. 

64. The matrix ofosscoiiti sabstance is dense 
fibrous connective tissue, i.e., a tissue yielding gelatin 
on boiling. The cement substance between the fibrils 
is petrified, owing to a deposit of insoluble inorganic 
lime salts, chiefly carbonates and phosphates. These 
can be dissolved out by strong acids (hydrochloric) 
and are thereby converted into soluble salt^ Thus 
the organic matrix of osseous substance— called ossein 
— may be obtained as a soft flexible material, easily 
cut. 

The bone, substance is in the adult state generally 
laiiiellaled, the lamell* being of microscopic thinness. 
Between eveiy two 
laraellse are num- 
bers of isolated, 
flattened, oblong 
spaees — the bans 
/neuitfv (Fig. 33), 
which anastomose 

canals with one 
another, and also 
with those of the 

Pig. «.— Osseous Laraellffr ; olilongliranohed next lamella above 
l«™aa™i»«id<ai«Lculi between them. ^^ ^,^1^^^ -^^^^ 

appearances ai-e 
very similar to those presented by the lacunEe and 
cantdiculi containing the corneal corpuscles, as des. 
cribed in Chapter V. 

These bone lacunse and their canaliculi are the lymph- 
canalicular system of osseous substance, for they are 
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in open and free communication with the lymphatic 
vessels of the marrow spaces and of the Haversian 
canals. 

65. In the bone matrix, each lacuna contains also a 
nucleated protoplasmic cell, called the hone cell, which, 
however, does not fill it completely. In the young state 
the cell is branched, the branches passing into the 
canaliculi of the lacunae ; but in the old state very few 
processes can be detected on a bone cell, which, with 
its lacuna and canaliculi, is called a bone corpuscle. 

66. According to the arrangement of the bone 
substance, we distinguish compact from spongy sub- 
stance. The former occurs in the shaft of tubular 
bones and in the outer layer of fiat and short bones. 
Its lamellae are arranged as : (a) concentric or Haversian 
lameUce, directly surrounding the Haversian canals 
(Fig. 41). These are narrow canals of varying lengths 
pervading the compact substance in a longitudinal 
direction, and anastomosing with one another by 
transverse or oblique branches. The Haversian canals 
near the marrow cavity are larger than those near 
the periosteum. In fact, those next to the marrow 
cavity become gradually enlarged by absorption, until 
finally they are fused with the marrow cavity. Each 
Haversian canal contains a blood-vessel, one or two 
lymphatics, and a variable amount of marrow tissue. 
These canals open both into the marrow cavity and on 
the outer surface into the osteogenetic layer of the peri- 
osteum, and they form the means by which the latter 
remains in continuity with the marrow. Each canal 
is surrounded by a series of concentric bone lamella, 
with tlve bone corpuscles between t/iem, and this is a 
system of concentric lamellce. Near the external sur- 
face of the compact substance the number of lamellae 
in each system is smaUer than in the deeper parts. 
(b) Between these systems of concentric lamellae are 
the intermediate or groimd lamellce ; they run in various 
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directions, and in reality fill the interstices between 
the systems of the Haversian or concentric lamelUe. 
Near the external surface of long bones they have pre- 
eminently a direction parallel to the surface. These are 
the eircumfereniial lamelloi of Tomes and de Morgan. 



Mt CoLDantrtc lAuellie lkrTUiff«4 around tbe HnTCTBlaa CBDftlg, cat iCrcVl 
«, inierrnHllale or erauDd luatlle. Th« boDe lacunie W9 kvd t>etw«n tu 
iHUia Umsllte. (Allu.) 

The lamelbe of compact bone are perforated by per- 
pendicnlar petrified fibres, the perforalin^ fhrea of 
Sharpey, They form a continuity with the fibres of 
the periosteum, from which they are developed. 

Some of these fibres are smaller than the rest, and 
of the nature of elastic fibres. 

67. Spongy bone substance occurs in the end of the 
shaft, in the apophyses, in short bones, and in the 
diploe of flat bones. The cavities or meshes of the 
spongy substance are called Haversiavi spaces or can- 
edli; they intercommunicate with one another, and are 
filled with marrow, which in the young and growing 
Btate is generally of the red variety. The firm parts 
Form spicules and septa, called botw traiietda. 



§8 Elements of ttisTOLOcV, , tChap Vii. 

of varying length and thickness, and composed of 
lamellae of bone substance. 

According to the arrangement of the trabeculse, 
tlie spongy substance is a uniform honey-combed sub- 
stance, or appears longitudinally striated, as in the 
end of the shaft. In the latter case the marrow spaces 
are elongated and the trabeculse more or less parallel, but 
anastomosing with one another by transverse branches. 

68. Development of bone. — Bone is developed 
in the embryo, and continues to be formed also after 
birth as long as bone grows, either in the cartilage, or 
independently of this directly from the osteogenetic 
layer of the periosteum. The former mode is called 
endochondral^ the latter 'periosteal^ or inieTmembranoua 
formation. 

All the bones of the limbs and of the vertebral 
column, the sternum, and the ribs, and the bones 
forming the base of the skull, are preformed in the 
early embryo as solid hyaline cartilage, covered with 
a membrane identical in structure and function with 
the periosteum, which at a later period it becomes. 
The tegmental bones of the skull, the bones of the face 
with the lower jaw, except the angle, are not pre- 
formed at all. Only a membrane identical with the 
future periosteum is present,^ and underneath and 
fi-om this the bone is gradually deposited. 

69. Endochondral formation. — The stage 
next to the one (1) in which we have solid hyaline 
cartilage covered with periosteum is the following 
(2) : Starting from the " centre, or point, of ossifica- 
tion," and proceeding in all directions, the cartilage 
becomes permeated by numbers of channels (cartilage 
channels) containing prolongations (periosteal processes 
of Virchow) of the osteogenetic layer of the periosteum, 
t.e., vessels and osteoblasts, or marrow cells. This is 
the stage of the vaBcalari»aiion of tlie cartilage. In 
the next stage (3) the cartilage bordering on these 
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channels grows more transparent, the lacvmte becoming 
enlarged and the 
cartilage cells more 
traiispai-ent.The lat- 
ter gradually bi'eak 
down, while the in- 
tercell ular ti'abecul a; 
become calc^ed; 
the lacunie, by ab- 
sorption of the cal- 
cified trabeculffi, fus- 
ing with the cartil- 
age channels. These 
latter thereby be- 

io m e transfoimed 
into irregular cavi- 
ties, which are bor- 
dered by trabeculce 
of calcijied carti- 
lage. The cavities 
are the jnrimary 
marrow cavities, and 
they are filled with 
the primary or car- 
tUage marrow, i.e., 
blood - vessels and 
osteoblasts, derived, 
as stated above, from 
the oflteogenetic 
layer of the peri- 
osteum. (4) The 
Fig. 42.— Longitudinal Sectiou througii tiie osteoblasts arrange 

eDtiraFffiUlHumanBofiGnin^pig. thcmSelves by ac- 

'■.!tn^!SR',:^!i"B'?^"''b?e'aS(X''?fflt; tive multiplication 

/.'JndoJh^'rS'bili'F^i.^rgr?"""'""''''"""*''' in a Special layer 

on the surface of the 

calcified cartilage ti-abeoulse projecting into, and bor- 
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dering the primary marrow cavities. The osteoblasts 
form bone substance — osseous matrix and branched 
bone corpuscles — and as this proceeds, t?ie calcified 
cartilage trabect^lce become gradually ensheathed and 
covered with a layer of osseous substance. Thus the 
original cartilage gradually assumes the appear- 
ance of a spongy substance, in which the cavities 
(primary marrow cavities) are filled with the primary 
marrow, and are of considerable size, while the 
trabeculas bordering them are calcified cartilage 
covered with layers of new bone. The marrow cells, 
or osteoblasts, continue to deposit bone substance on 
the free surface of the trabeculse, while the calcified 
cartilage in the centre of the trabeculse gradually 
becomes absorbed. 

70. The nearer the centre of ossification, the more 
advanced is the process, i.e., the more bone and the 
less calcified cartilage is found in the trabecula;, 
and the thicker the latter. At the " centre of ossin- 
cation,^' i.e., whence it started, the process is furthest 
advanced ; away from it, it is in an earlier stage. 
At this period of embryo life, between the centre of 
ossification and a point nearer to the extremity of 
the shaft of a long bone, all stages described above 
may be met with, viz., between the solid unaltered 
hyaline cartilage at the end of the shaft, and the 
spongy bone with the unabsorbed remains of calcified 
cartilage in the middle of the shaft, all intermediate 
stages occur (Fig. 42). 

71. After birth, and as long as bone grows, we 
find in the end of the shaft, and also in the epi- 
physis, a continuation of the process of endo- 
chondral formation described above. In fact, all 
bones preformed in the embryo as cartilage grow in 
length before and after birth by endochondral formation 
of new bone. The hyaline cartilage at their ex- 
tremities (intermediate or ossifying cartilage) is the 
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cartilEige at the exptiiae of which the new bone is 
formed, by the marrow (blood-vessels and marrow- 
cells or osteoblastB) of the spongy substance in con- 
tact with the cartilE^e. 

72. Following tlie development of a tubnlur bone 
after the above-mentioned stage 4, we find that the 
spongy bone once formed is not a peniiaiipnt Htructure, 



Fig. IS.— From > Tionsierie Ssetlon tbtongh the Tibia oE Fietal Kitten. 



llltaed lUirblylntliellgiirt 
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but becomes gradually absorbed altogether, and this 
process also starts from the points of ossification. Thus 
a gradual enlargement and ultimate fusion of the 
V cavities of the spongy endochondral bone into 



Fig. 4*.— From n Seclion through the IntennedlatH Carlili«c of PBiniir 

one continuous cavity takes place. This represents 
the rudiment of the future central marrow cavity of 
the shaft. Simultaneously with, or somewhat previous 
to, this alisoi'ption of the endochondral bone, new 
bone — spongy bone— is deposited directly by the 
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osteogenetic layer of the periosteum on the out^r sur- 
face of the endochondral bona This also commences 
at the centre of ossification, and proceeds from here 
gradually to further points. This is the periosteal 
hone (Figs 42, 43). It is formed without the inter- 
vention of cartilage directly by the osteoblasts of the 
osteogenetic layer. And as fresh layers of osteo- 
blasts multiply on the surface of the periosteal bone, 
new layers of bone trabeculae are formed, and the 
old trabeculae become increased in thickness. In the 
meshes or Haversian spaces of this spongy periosteal 
bone the same tissue is to be found as constitutes 
the osteogenetic layer of the periosteum, the one being 
derived from and continuous with the other. 

In these Haversian spaces concentric lamellae of 
bone substance become formed by the osteoblasts, and 
spongy is thus transformed into compact bone, while 
at the same time the Haversian spaces, being nar- 
rowed in by the deposit of the concentric lamellae, 
are transformed into the Haversian canals. This 
process is farthest advanced in the middle of the 
thickness of the shaft, and least near the periosteum. 
When this compact bone is again absorbed — e.g., that 
next the medullary cavity of the shaft of a long 
bone — the concentric lamellae are first absorbed, 
the Haversian canal being in this way widened out 
and again transformed into a Haversian space. 

While, then, the bone first deposited by the peri- 
osteum is of a spongy character, and gradually becomes 
transformed into compact, the reverse is going on at 
the same time near the marrow cavity, inasmuch as 
compact bone is here changed into spongy bone, and this 
ultimately disappears and becomes absorbed by the 
marrow. 

73. At birth all the primary endochondral bone has 
already disappeared by absorption from the centre of 
the shaft, and the bone present is all of periosteal 
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origin. At the extremity of the shaft, howevev, the 
spongy bone is all 
endochondral bone, 
and it continues to 
„ grow into the inter- 
mediate cartilage as 
stated above, so long 
lu) the bone grows as 
a whole (Fig 46). 
Of course the parts 
of this spongy bone 
nearest to the centre 
of the shaft are the 
oldest, and ulti- 
mately disappear by 
absorption into tlie 
central medullary 
cavity. In the epi- 
physis the spongy 
bone is also endo' 
chondral bone, and 
its formation is con- 
nected with the deep 
layer of the articu- 
lar cartilage. 

Underneath the 
■ Fift. «.— From K. LongitniiiiiBi Section o( periosteum and on 
lEXihl iS'SediiS7''Srfflt^oiia tbe surface of the 
the end of tbe ihatt. spongy endochon- 

°'™niii^S^?T!rSir''rif'wh!li:h'"lii"' mw"^ dral bone at the 
KiKS^n^V^iJSThl^tKui; extremity of the 
the ftrarej theiinrntmiwiiit)i|i' tni>>>rnta ghaft, the periosteal 
thi?ii5i»*i™iS™of?K?p!..n1i1li':''ihS bone IS represented 
"^^yiM^T "■" ""''" ""'■ "■™' ""' only by a thin layer, 
extending as far 
as the periosteum reaches, e.g., to the margin of the 
articular cartilage. 
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71. Intermembranous formalion. — A1I 

bones not preformed in the embryo as cartilage are 
developed directly from the periosteum in tlie manner 
of the periosteal bone just described (Fig. 46). Here also 
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the new bone is at first spongy bone, which in its inner 
layers gradually becomes convei'ted into compact bone. 

In all instances dnring embryonic life and after 
birth the growth of a bone in thickness takes place 
after the manner of periosteal bone ; this is at first 
spongy, but is gradually converted into compact bone. 

75. All osseous substance is formed in Uie embryo 
and after birth by the osteoblasts, or marrow cells 
(Gegenbaur, Waldeyer) : each osteoblast giving origin 
to a zone of osseous matrix, and remaining in the 
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centre of this as a nucleated protoplasmic remnant, 
which gradually becomes branched and transformed 
into a bone cell. The osseous matrix is at first a soft 
fibrillar tissue, but is gradually and uniformly im- 
pregnated with lime salts. This impregnation always 
starts from the centre of ossification. 

76. Wherever absorption of calcified cartilage or of 
osseous substance is going on, we meet with the multi- 
nucleated huge protoplasmic cells, called the myelo- 
plaoces of Bobin. Kolliker showed them to be impor- 
tant for the absorption of bone matrix, and called 
them therefore Osteoclasts (Fig. 46). For cartilage they 
may be called Chondroclasts. "Wlien concerned in the 
absorption we find these myeloplaxes situated in 
smaller or larger pits, which seem to have been pro- 
duced by them ; these absorption pits or lacunae on the 
surface of bones are called ffotoship's lacunoB, They 
invariably contain numbers of osteoclasts. It can, 
however, be shown that myeloplaxes are also con- 
cerned in the formation of bone, by giving origin to a 
number of new osseous zones with their bone cells. 
In the earliest stages of development of the foetal jaw 
this process is seen with great distinctness (Fig. 46). 

77. Dentine forms the chief part of a tootL It 
consists of a petrified matrix, in which are numbers of 
perpendicularly-arranged canals — the dentinal tvhes — 
containing the dentinal fibres. It is in some respects 
similar to bone, although differing from it in certain 
essentials. It is similar, inasmuch as it is develoi)ed 
in like manner by some peculL'vrly transformed 
embryonal connective tissue — ^viz., by the tissue of the 
embryo tooth papilla — and inasmuch as cells are con- 
cerned in the production both of the petrified matrix 
(impregnated with lime salts), and of the processes of 
the cells contained in its canals — the dentinal fibres. 
The details of structure and distribuiion will b« 
described in connection with the teeth. 
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CHAPTER VIII, 

NON-STRIPED MUSCULAR TISSUE. 

78. This tissue consists of nucleated cells, which, 
unlike amoeboid cells, are contractile in one definite 
direction, becoming shorter and thicker during con- 
traction. 

The cells are elongated, spindle-sliapedy or band-like 
(Fig. 47), and drawn out at each extremity into a longer 
or shorter, generally single but occasionally branched, 
tapering process. Each cell includes an oval nucleifn, 




Fig. 47.— Non<striped Muscular Fibres, isolated. 

The cross-markings indicate corrugations of the elastic sheath of the individual 

fibres. (Atlas.) 

which is flattened if the cell it belongs to is flattened. 
The cell-substance is a pale homogeneous-looking or 
longitudinally striated substance. 

During extreme contraction the nucleus may be- 
come more or less plicated, so that its outline becomes 
wavy or zig-zag. 

It has been shown by Klein in certain preparations, 
e.g,f the non-striped muscle cells of the mesentery of 
the newt, that each muscle cell consists of a delicate 
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elastic sJieath, inside of which is a bundle of miniUe 
fibrils, which cause the longitudinal striation of the cell. 
These fibrils are the contractile portion ; and they are 
contractile towards the nucleus, with whose intranu- 
clear reticulum they are intimately connected. When 
the cell is contracted its sheath becomes transversely 
comigated (Fig. 48). 

79. The non-striped muscular cells are aggregated 
into smaller or larger buncUes by an interstitial albu- 




Fig. 48.— A Non-striped Muscular Cell of Mesentery of Newt. 

Bhow(nsr several places where the muscular substance ain)ears contracted, 
thickened. At these places the corrugations uf the sheath are marked. 
«,Atlas.) 

minous homogeneous cement substance, the cells being 
imbricated with their extremities. The bundles may 
form a plexus, or they may be aggregated by fibrous 
connective tissue into larger or smaller groups, and 
these again into continuous masses or membranes. In 
the muscular coat of the bladder, in the choroidal 
portion of the ciliary muscle, in the arrector pili, in the 
muscular tissue of the scrotum, very well marked 
plexuses of bundles of non-striped muscular cells may 
be met with. In the muscularis mucosa of the 
stomach and intestines, in the outer muscular coat of 
the same organs, in the uterus, bladder, &c., occur 
continuous membranes of non-striped muscular tissue. 

When the muscular cells form larger bundled they 
are more or less pressed against one another, and, 
therefore, in a cross section appear of a polygonal 
outline. 

80. Non-striped muscular tissue is found in the 
following places : in the muscularis mucosae of the 
oesophagus, stomach, small and large intestine ; in the 
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outer muscular coat of tlie lower two-thirds or lialf 
of the human cesophagus ; in thatof the stomach, small 
and large intestine ; in the tissue of the pelvis and 
outer capsule of the kidney ; in the muscular coat of 
the ureter, bladder, and urethra ; in the tubules of 
the epididymis, in the vas de- 
ferens, vesiculie aemlnatis and 
prostate ; in the corpora caver- 
nosa, and spongiosa; in the 
tissue of the ovary, and in the 
broad ligament ; in the mua< 
oular coat of the oviduct, the 
uterus and vagina; in the 
posterior part of tlie wall of 

the ti-achea ; ' in the large and fii. •.-Frr™ n Tnin.ve™L> 
small bronchi, in the alveolar oi son-siriiK'l MiiecniiJ 
ducts and infiindibula of tlie Tb.m^^l,n.M^^L- 
lung ; in the pleum pulraonalis ■" ' * " ""- " 
(guinea-pig) ; in the peritoneum 
of the frog and newt, in the 
upper part of the upper eye-lid, 

and in the fissiira orbitelis ; in the sphincter and 
dilatator pupiljte, and the ciliary muscle ; in the 
capsule and trabecul« of the spleen, and the trabeculte 
of some of the lymphatic glands ; in the arrectores 
pilonun, and sweat glands of the skin, the tunica 
dortoa of the scrotum ; in tlie tissue of the nipple of 
the breast; in the large ducts of the salivary and 
pancreatic glands ; and in the muscular coat of the 
gall bladder, the hepatic and cystic duct. The aorta 
and the arteries have a larger amount of non-striped 
muscular tissue, the veins and lymphatics less. 

81, As regards length, the muscular cells vary 
within considerable limits (from -^jf to -, J„ of an inch), 
those of the intestine, stomach, respiratoi-y, urinary,Hnd 
genital oi^ans being very long, as compared with 
those of the blood-vessels, which are sometimes only 



70 Elements of Histology, [Chap. ix. 

twice or thrice as long as they are broad, and at the 
same time branched at their extremities. 

Non-striped muscular tissue is richly supplied with 
blood-vessels, the capillaries forming oblong meshes, 
though their number is not so great as in striped 
muscle. The nerves of non-striped muscle are all 
derived from the sympathetic ; their distribution and 
termination will be described in a future chapter. 



CHAPTER IX. 

STBIPED MUSCULAB TISSUE. 

82. The striped muscular tissue is composed of 
long cylindrical fibresy some measuring 1^2 inches 
in length, others much shorter j their thickness varies 
between -^^ to -^^ of an inch. These fibres are 
regularly transversely striated, and are therefore called 
the striped or striated muscular fibres. By fibrous 
connective tissue they are grouped together so as to 
form larger or smaller bundles — rmuscular fasciculi; 
the connective tissue surrounding their bundles is 
called the perimysiuiriy while the delicate connective 
tissue passing from the perimysium into the bundle 
and separating the individual muscular fibres from 
one another is called the endomyaium. The perimy- 
sium is the carrier of the larger vascular and nervous 
branches, while the endomysium contains the capil- 
laries. These form very rich networks with elongated 
meshes, and are always situated between the individual 
muscle fibres. The capillaries and veins ap[>ear very 
wavy and twisted in the contracted bundles, and 
straighter in the uncontracted bundles. The small 
vessels are provided here and there with peculiar saccu- 
lar dilatations, which act as a sort of safety receptacles 
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for the blood when, during n sudden maximal contrac- 
tion, it is pressed out from some of the capillaries. 

83. Each muscular fibre during contraction becomes 
shorter and thicker. In the living uninjured muscular 
fibres, spontaneously or an«r the application of a 
stimulus, a contraction starts at one point and passes 
over the whole muscular fibre like a wave — contrac- 
tion wave — -the progress of which is noticeable by the 
thickening rapidly shifting along the fibre, the part 
behind resuming its previous diameter. 

84. A striped muscular fibre conaisti of (1) a 
delicate hyaline elastic sheath, the sarcolemma, and 
(2) the muscular contents. It is the structure of this 
latter which has given origin to a variety of theories, 
owing to optical difficulties in examining fresh and 
living fibres, and owing to varied changes it is liable 
to iindergo when acted upon by many re-agents. In 
the following we shall adopt 

tho view enunciated by RoUett 
during recent years ; we think 
that his conclusions are based 



study of muscular fibres in 
vertebrates aiid evertebrates 
under the best conditions, and 
his conclusions harmonise best 
with the classical observations 
of Bowman, Briicke, Cohn- 
heim, and Engelnmnn, and 
with observations which can 
be verified by careful study 
of fresh muscular fibres. 

85. The contents of a mus- ti™«^ (EoTiett.)' 
cular fibre consist of two prin- 'in™i™«!*BfM«™>S'nlM^«I 
cipal parts : (a) the fibrUlm ; 

and (6) the«((rc£>^(Mwio,fthy»lineorfaintlygrftnular sub- 
stance, similar to, but not identical with, protoplasma, 
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and acting as the matrix op interstitial substance for 
the fibritlte. 'llie fibrillK extend in a longitudinal 
direction parallel to the long 
axix ef the muscular fibre, and 
they are gi'ouped together into 
bands, stmiids, or tubes, called 
the mitgcle-eohinins ; the latter 
are aggregated into larger 
^rou|>s. The sarcoplasma fills 
nji all interetices between the 
groups of the muscle-columns, 
between the columns of each 
gro«|>, and between the fibrilire 
of each colnmn. The amount 
of sarcoplasma between the 
groups of columns is generally 
greater than between the 
columns of each group. During 
growth and r^eneration ol 
muscular fibres in the adult, 
the collections of nucleated sar- 
coplasma on the surfece, i.e. 
underneath the sarcolemma, 
become conspicuously in- 
creased in vertebrate muscular 
fibi'es, both in number and size; 
„. . and they are the material from 

Fig. St.— Hnamilar Fibre, v- i i i-i, 11 

ab.iued with hemnto which muscular fibnllm are 

l^iem"* t^UMtJ}^'"" formed. Special collections of 
I inuTiiiodwe diM (Knmiif' "ucleated sarcoplasma are found 

'"i«\'J.'j^WiiSliiihc"JK'rai ^* ^^^ termination of the motor 

muHte-cDnwH^ie.' (jhre (see below). 

On observing a cross section 
thraugh fresh or well-preserved muscular fibres, 
the_ sarcoplasma is seen as transparent lines sub- 
dividing the muscular contenta, which appear dim . 
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like ground glass, into small more or less poly- 
hedral areas, the areas of Oohnheim. These areas 
are the cross sections of the muscular columns, and 
are therefore made up of a number of granules, the 
optical cross sections of the constituent fibrillae. The 
muscular columns appear aggregated by larger accu- 
mulations of sarcoplasma into larger or smaller gi'oups; 
and l)etween the groups the sarcoplasma is again greater 
than between the tibrillas of each column, and in this 
resjDect there exists the greatest variety between the 
different animals. In the perfectly fresh condition the 
amount of sarcoplasma between the fibrillse of a column 
is in some cases insignificant, and almost appears absent 
from place to place. 

The sarcoplasma shows also other differences of 
distribution; in the muscular fibre of many insects 
it generally forms a cylindrical accumulation in the 
centre of the muscular fibres, containing spherical 
nuclei ; from it thinner septa pass between the groups 
of muscular columns. In vertebrate muscular fibres 
the sarcoplasma forms small plate-like or angular col- 
lections on the surface of the muscular contents, i.e., 
immediately under the sarcolemma. These collections 
include spherical, or more generally oval, nuclei, and 
are called the Tnuscle-cor'puscles, The whole sarco- 
plasma must be considered as a sort of protoplasmic 
basis, and the muscle-corpuscles the nucleated accumu- 
lations of it. 

86. The fibrillae show along the whole length of 
the muscular fibre regular variations, both as regards 
aspect and thickness of their substance ; and accord- 
ingly can be considered as consisting of different por- 
tions joined to each other, and repeating themselves 
uniformly and in a regular manner throughout the 
whole muscular fibre. These portions are : (1) The 
sarcous elements of Bowman, dim, homogeneous rods 
or prisms forming the chief parts ; between each two 
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successive sarcous elements of the same fibrilla, at 
equal distance, is a dark granule, to which the end 
of each sarcous element is joined by a thin bridga In 
the fresh state the sarcous elements are prisms, and 

almost touch 




by 

SO 




•a 



B 



each other 
their sides^ 
that little or 
no sarcoplasma 
intervenes be- 
tween them 
here; but when 
the sarcous ele- 
ments shrink, 
e.^., after death 
or after harden- 
ing re-agents, 
they are more 
or less hour- 
glass shaped, 
and are sepa- 
rated by thin 
layers of sarco- 
plasma. The 
bridge by which 
the ends of the 
sarcous ele- 
ments are joined 
to the granule being much thinner than the latter or 
the former, there is more sarcoplasma present in the 
layer containing the bridge ; and since the sarcoplasma 
is more transparent than any part of the fibrillfie, the 
muscular fibre as a whole shows a conspicuous trans- 
parent layer or disc between the layer of the dark 
granule and the layer of the sarcous elements. The 
layer of the dark granules corresponds to the line of 
Dobie, or the line of Amici, or the intermediate disc 



Fig. 52. 



-Striped Muscular Fibres of the Water- 



npei 
Be 



eetle (Hydrophilus). 



a, Sarcolemnia ; b, Kranse's membrane. The sarcous 
elements are well seen. In a the oblong nuclei of 
the muscle-corpuscles are shown. In b the sarco- 
lemnia has become unnaturally raised from the 
muscular contents. The contractile discs are M'ell 
shown ; so also are the sarcous elements. (.Atlas.) 
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of Engelmann, or the Tnemhrane of Krause. The 
layer or disc of sarcoplasma in which the bridges are 
placed, which join the sarcous elements to the granules 
of the intermediate disc, is the lateral disc. The 
layer or disc of sarcous elements corresponds to the 
transverse disc. In many muscular fibres of insects 
there occurs in each fibrilla a short rod midway be- 
tween the sarcous element and the dark granule, i.e., 
within the lateral disc ; the layer or disc of these rods 
forms the secondary disc. 

87. A typical muscular fibre shows then, owing to 
the differentiation of each fibrilla into the above por- 
tions, the following layers in regular alternation : 

(1) TJie dark intermediate disc, or Krause* s membrane; 

(2) the transpare^it lateral disc ; (3) the dim transverse 
disc of sarcous elements. Then follows another 
transparent lateral disc, and then again the inter- 
mediate disc. 

The intermediate disc is intimately connected 
with the sarcolemma ; hence Eouuse gave it the name 
of a membrane. When a muscular fibre contracts 
during life, or when it shrinks after death, the sarco- 
lemma shows regular bulgings between each two 
Krause's membranes ; at these latter the sarcolemma 
is drawn in. The part of a muscular fibre between 
two neighbouring Krause's membranes and the corre- 
sponding portions of the sarcolemma is spoken of as a 
muscular compartment of Krause. (See Fig. 52, A.) 

The lateral disc contains in some muscular fibres 
a layer of granules or rods, the secondary disc ; but 
each of these granules or rods is joined to a granule 
of the intermediate disc on the one hand, and to the 
end of a sarcous element on the other. 

The transverse disc, or the layer of sarcous ele- 
ments, shows in muscular fibres after hardening, or 
after treatment with re-agents, a median transverse 
transparency, due to the substance of the sarcous 
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elements lieiiig liere thinner, as nientioneil almve. 
This correaitonds to the median disc of Hensen. 

la muscular fibres ti'ealed with alcohol, the con- 
nection between the sarcoua elements and the rest 
of the fibrillfe are not recognisable ; hence the miis 
cular fibre seems split up into discs, apparently not 
connected witji one another (wb Fig. 52). 

Tlie reticulation described by Melland, Marshall, and 
others is due to coagulation of the sarcoplasma, brought 
about by certain haiileiiing re-t^ents ; the sareoplasnia 
between the granules of th« 
layer of Dobie or Krause 
would thus form a reticu- 
lated disc, extending trans- 
versely across the muscular 
fibre, and to it are joined 
lines of coagulated sarco- 
plasma, extending longi- 
tudinally, i.e., between the 
bridge part and sarcous 
fleinent part of the fibril Ite. 
Ftg, B3._8tripwi Muscui.r 88. During conti-action 

PibMeinCnwaBMiion, the transverse atriation of 
'^niiii»"iL'inn[™iiirs'HF«'Sn"E tl'^ fibi'e becomes much 
liditonmiiiueaiBioCoUiiboiiii'a narrower the dim disc be- 
coming much thinner in the 
long direction of the fibre, broader in the transverse 
direction. 

Rollett considers, with Biiicke, KoUiker, Engel- 
niann, and many others, that the fibrilhe are the 
contractile parts; while Kuhne is inclined to think 
that the sarcojilasma — which Kuhne calls sarcoglia— 
is the contractile [lart, while the fibrillie — i.e., the 
rhabdia of Kuhne — or rather the sarcous elements, 
are elastic elements. 

The differentiation into intermediate, luteral, and 
transverse disc, possessing the above-named different 



Chap. IX.] Striped Muscular Tissue. 77 

structure and optical properties, produces the transverse 
striation o£ tlie muscular tibres ; but it must be also 
added that a fibre, though homogeneous but monili- 
forni (by shrinking or naturally so), would show a 
transverse striation (Haj^craft). 

89. In the embryo the musculai- fibres are deve- 
loped from spindle-shaped nucleated cells (Remak, 
Weissmann, Kolliker). One spindle-shaped cell with 
an oval nucleus grows rapidly in length and thickness, 
its nucleus divides repeatedly, and the ofisprings be- 
come shifted from one another as the cell continues 
to grow in length. Thus a long spindle-shaped mass 
of sarco|)lHsma, with numerous nuclei, is the result 



Fij. S4.— A Striped MoBotilar Pibce of the I>i»phnigm ol a 
Guineo-p^. 

linilAbl]- uudbote lor llii- oen fimuntlnii ot iiiugiculiiriubauacc.' (AtW) 

This sarcoplasma in the middle of the cell becomes 
converted into fibrill)e, and tliis formation continues, 
while the sarcoplasma as a whole increases. The 
muscle-cor|>«scles of the adult fibres are remains of 
this sarcoplasma. 

At all times in adult life, when muscular fibres in- 
crease in thickness, as, for instance, when muscle is kept 
at constant work, this increase is due to increase of 
sarcoplasma, and part-conversion of this into fibrillte. 

Paneth described in fishes, amphibia, birds, and 
mammals, a mode of new formation of muscular 
fibres, which supplements the above-described on& 
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While in the embryo the first muaciilar Gbi-ea develop 
from spindle-shaped cells in the manner stated above, 
muscular fibres are also newly formed from spherical 
or oval cells — sarcoplasts; in the interior of these 
cells the protoplasm is converted into contractile sub- 
stance, which is capable of enlarging and elongating, 

and becoming converted into striped mua- 

cular fibres. 

90. The striped muscular fibres, taken 
as a vhole, are, as a rule, spindle-shaped, 
becoming gradually thinner towards tieir 
ends. They are branched in some excep- 
tional cases — e.g., in the tongue ; here 
the extremities of the muscle fibres, 
passing in a transverse direction into 
the mucous membrane, become richly 
branched. 

91. Muscular fibres tenniuate in 
tendons, either by the whole fibre passing 
into a bundle of connective tissue fibrils 
(Fig. 65), or by the fibre ending abruptly 
with a blunt, conical end, and becoming 
here fixed to a bundle of connective tissue 
fibrils. The individual fibres have only, 
ae has been mentioned above, a limited 
length, so that, following a fasciculus 

#iriiied~Mus'- from One point of its insertion to 
Msring Into the other, we find some muscle fibres 
Flbroia T°J terminating, others originating. This 

iwnition [11 t*kes place in the following way : the 

Tjofloiittuid- contents of a fibre suddenly terminate, 

while the sarcolemma, as a tine thread, 

becomes interwoven with the fine connective tissue 

between the muscular fibres. 

92. The striped muscular fibres of the heart 

(auricles and ventricles) and of the cardiac ends of 

the large veins (the pulmontiry veins included) difier 



Chap. IX.] Striped Muscular Tissue. 79 

from other striped muscular fibres in the following 
respects: — (1) They possess no distinct sarcolerama. 

(2) Their muscle corpuscles are in the centre of the 
fibres, and more numerous than in ordinary fibres. 

(3) They are very richly branched, each fibre giving oflf 
all along its course short branches, or continually divid- 
ing into smaller 

fibres and form- 
ing a close net- 
work (Fig. 56), A 
transverse section 
through a bundle 
of such fibres 
shows, therefore, 
their cross sections 
irregular in shape 
and size. (4) Each 
nucleusof a muscle 
corpuscle occupies 
the centre of one 
pnsmatic portion ; 
each fibre and its 
branches thus 
appeal' composed 

of a single row of pj^ 5S._8triped Mnaouliir Fibrea of ths 

Buch prismatic Hemt 

portions, and they '■,"SJr™S8tl'?n'!S?wSrtf ■°'B'SJrr?™iuinfli^' 

seem separated [iffl.rSbHift- f°oi"/ prtmiiK'^Bbrini 

from one another mor. Wghiy luwmB.d,' 

— at any rate in an 

early stage — by a septum of a transparent substance. 

93. ^me muscular fibrea are either markedly pale 
or markedly red (Kanvier) ; in the former {^.g., 
quadratuB luniborum, or adductor magnus femoris 
of rabbit) the transverse striation is more distinct 
and the muscular corpuscles less numerous, than 
in the latter {t.g., semi-tendinosus of lubbit. 



I 
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diaphragm). Here the longitudinal striation ap- 
pears very distinct, but these differences are not 
constant in other muscular fibres of other animals 
or of man (E. Meyer). 

94. Briicke has shown that striped muscular fibres 
are doubly refractive, or anisotropous, like uniaxial 
positive crystals (rock crystal), the optical axis coin- 
ciding with the long axis of the fibres. The sarcoplasma 
is isotropous, the fibrillse alone being anisotropous ; of 
these the sarcous elements were the first recognised 
by Briicke to be doubly refractive. They are, how- 
ever, not the ultimate optical elements, but must be 
considered as composed of disdiaclasts, the real doubly 
refractive elements (Briicke). 



CHAPTER X. 

THE HEART AND BLOOD-VESSELS. 

95. (a) The heart consists of an outer serous 
covering {the visceral 'pericardium)^ an inner lining 
(the endocardium), and between the two the muscular 
wall (Fig. 57). Underneath the pericardium is a 
thin layer of connective tissue, called the sub- 
pericardial tissue. 

The free surface of both the pericardium and 
endocardium has an endothelial covering, like other 
serous membranes — i.e., a single layer of transparent 
nucleated cell plates of a more or less polygonal or 
irregular shape. The ground-work of these two mem- 
branes is fibrous connective tissue, forming a dense 
texiur^^, and in addition there are many elastic 
fibres composing networks. Capillary blood-vessels^ 
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lymphatic vessels and small bmnchea o£ nerve-fibres 
are met with in the pericai-dial layer. The sub- 
perieardial tissue consists of traheculie of fibrous 
connective tissue, which ai'e continuous with the 
intermuscular connective tissue of the muscular part 
ot the heart The 
former contains in 
many places groups 
of fat cella 

96. On the free 
surface of the papil- 
lary muscles, in some 
parts of the surface 
of the traheculie 
cainese, and at the 
insei-tion of the 
valves, the endocar- 
dium is thickened 
by tendinous con- 
nective tissue. The 
valves themselves 
are folds of the en- 
docardium, and con- 
tain fibrous connec- Fig. $7,~InnaTer» Section thronch tke 

tive tissue, to which, ^^^^^2^,^ ^^,t^'^^- 
especially in the ''■ii"HrainmTe,'mSlcTi[i^™iiidi'«'SI»'[™SS^ 

semilunar valves, Jinnltj; «. twricanllai cuvtrlnB. 

numerous elastic 

fibres are added. The muscular tissue of the wall 
of the auricle penetrates a short way into the auriculo- 
ventricular valves. 

All the cordse tendinesE and tlie valves are of course 
covered on their free surfaces with eadothelium. 

Special tracts of muscle fibres occur in the sub- 
endoi^rdial tissue. 

The^yjirea of Furldvge are peculiar fibres oecnrrins 
in the subendocardial tissue in some mammals and 
a— 1 
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birds (not in man). They are thin, transversely striped, 
muscalar fibres, the central part of which is a con- 
tinuous mass of protoplasm, with nuclei at regular 
intervals, the same as is the case with some skeletal 
muscular fibres of insects. 

97. The muscular fibres forming the proper wall 
of the heart, the structure of which has been described 
in the previous chapter, are grouped in bundles 
separated by vascular fibrous connective tissua In the 
ventricles the bundles are aggregated into more or less 
distinct lamellae. 

Like other striped muscular fibres, those of the 
wall of the heart are richly supplied with blood-vessels 
and lymphatics. The endocardium and valves and the 
pericardium possess their own systems of capillaries. 

The lymphatics form a pericardial and an endo- 
cardial network, connected with the lymphatics of the 
muscular tissue of the heart ; here they are lymphatic 
clefts between the muscular bundles, and also net- 
works of tubular lymphatics. 

98. The nerve branches of the plexus cardiacus 
form rich plexuses. In connection with some of 
them are found numerous collections of ganglion cells 
or ganglia. These are very numerous in the nerve 
plexus of the auricular septum of the frog's heart (Lud- 
wig, Bidder), and in the auriculo-ventricular septum 
of the frog (Dogiel). In man and mammals numerous 
ganglia are found on the auricular nerve branches, 
chiefly at the point of junction of the large veins with 
the heart, Bemak's ganglia, and at the boundary be- 
tween the auricles and the ventricles. Bidder's ganglia. 

99. (b) The arteries (Fig. 58) consist of : (^ an 
endothelial layer lining the lumen of the vessel ; \h) an 
intimay consisting of elastic tissue ; (c) a media, con- 
taining a large proportion of non-striped muscular cells 
arranged chiefly in a transverse, i.e,, circular manner ; 
and (d) an advent Itia composed chiefly of fibrous 
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connective tissue, with an admixture of networks of 
ela-stic fibres. 

(<c) The endothelium ia a continuous single layer 
of flattened eloii- e 
gated cell plates, i 

(ft) The inti- 
ina in the aorta 
and large arteriea 

plex structure, ' 
consisting of an 
innermost layer 
of fibrous con- 
nective tissue, 
which is the 
" in7i»r longilTt- 
dinal fibrous 
tayei^' of It«mak, 
outside of which 
is a more or less 

longitudinally- ji,. b._f„„ ^ Tran.ve„« s^tto,. th«»gh 
arranged elastic the lufBiior Meeenteria Aitety of the Fig. 

-membnuie. Thi. ■■SSfSlSSi'iSRaSSili.nSSS 

IS laminated, and cutiLliansveracscclluo. t^i\u.) 

composed of 

fenestrated elasiio membranes 0/ Benle. (See page 47.) 

The larger the artery tlie thicker the intima. In 

microscopic arteries the intima is a thin fenestrated 

membrane, the fibres having distinctly a longitudinal 

arrangement. 

(c) The media is the chief layer of the wall of 
the arteries (Fig. S9). It consists of transvereely 
arranged elastic lamellae (fenestrated membranes and 
networks of elastic fibres), and between them smaller 
or larger bundles of circularly arranged muscular 
cells. The larger the artery the more elastic tis- 
sue is there present in the media, the smaller 
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the arteiy the more muscular tissue. In micnv 
soopic branches of arteries the media consists 

almost entirely of cir- 
cular non-fittiped muscle 
cells with only few elas- 
tic fibres. 

100. In the last 
branches of tlie micro- 
scopic arteries, the mus- 
cular meflia becomes dis- 
continuous, inasmuch as 
the (circular) muscular 
cells are arranged not as 
a continuous membrane, 
but as groups of small 
cells (in a single layer) 
I in a more or less alter- 
g nate fashion. 
[ When the media 
contracts, the intima is 
thrown into longitudinal 
folds. 

The aorta has, in the 
fie.I).— TruiBTeneBectiantiiraueh innermost and in the 

sssKSS'aiir""*'" »»""««» p»* »f ,""0 

*. The Qi-wry, ibowini iho nutiMiFd Media, numbers of lon- 
m^ilJ™h«aUifflb™i"iSBiTjSvJ" gltudinal and oblique 

l^™i'lhE'rafS«iiYe"i?'iSEcb«iSner WUSCle CcUs. AcCOrd- 

uuD 1& tiie tawn. (AHu.) jng to Bardeleben, all 

large and middle-sized 
arteries have an inner longitudinal musculiir coat 

101. Between the media and the next outer layer 
there is, in larger and middle-sized arteries, a special 
elastic membrane, the elaslica externa of Henla 
{d) The adventitia is a relatively thin fibrous con- 
nective tissue membrane. In large and middle-aized 
arteries there are numbers of elastic fibres present, 
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especially in the part next to the media; they 
form networks, and hare chieSj a lougitudina) 
directioa 

The larger the artery the more insignificant is the 
adventitia as compared with the thickness of media. 

In microscopic arteries (Fig. 60), the 
adventitia is represented by thin bundles 
of tibroua connective tissue and branched ^ 
connective tissue cells. 

Large and middle-sized arteries pos- 
sess their own system of blood-vessels 
(vaaa vasorum), situated chiefly in 
the adventitia and media ; lymphatic 
vessels and lymphatic clefts are also 
present in these coats. 

102. (c) The veins difier from the 
arteries in the greater thinness of their 
walL The intima and media are similar 
to those of arteries, only thinner, both 
absolutely and relatively. The media 
contains in most veins circularly ar- ^ig| J* — J'J Wj 
ranged muscular fibres ; they form a con- ArttT,. 
tinuous layer, as in the aiteries, and ''iiiuii»;t»,Tiwi. 
there is between them generally more jwi <« ^i"^ 
fibrous connective tissue than elastic. lE^*^„,,^ 
The adventitia is usually the thickest coat, JJiJi", "'™"J"» 
and it consists chiefly of fibrous comiec- 
tive tissue (Fig. 59). The smallest veins — i.e., before 
passing into the capillaries — are composed of a lining 
endothelium, and outside this are delicate bundles of 
connective tissue forming an adventitia. The valves 
of the veins are folds, consisting of the endothelium 
lining the surface, of the whole intima, and of part 
of the muscular media. 

103. There are many veins that have no muscular 
fibres at all, e.g., vena jugiilaris— interna and externa 
— the vena Bubclavia, tJbe veins of the bones and 
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retiiia, and of the membranes of the brain and cord. 
Those of the gravid uterus have only longitudinal 
muscular fibres. The vena cava^ azygos, hepatica, 
spermatica interna, renalis and axillaris, possess an 
inner circular and an outer longitudinal coat. The vena 
iliaca, cruralis, poplitea, mesenterica, and umbilicalis 
possess an inner and outer longitudinal and a middle 
circular muscular coat. The intima of the venae 
pulmonales in man is connective tissue containing 
circular bundles of non-striped muscular cells (Stieda). 

104. The trunk of the venae pulmonales and vense 
cavsB possesses striped muscular fibres, these being 
continuations of the muscular tissue of the auricles. 

105. Hoyer showed that a direct communication 
exists between arteries and veins without the inter- 
vention of capillaries — as in the matrix of the nail, 
in the tip of the nose and tail of some mammals, in 
the tip of the fingers and toes of man, in the margin 
of the ear lobe of dog and cat and rabbit 

In the cavernous tissue of the genital organs 
veins make large irregular sinuses, the wall of which 
is formed by fibrous and non-striped muscular tissue. 

106. (d) The capillaiy blood-vessels are 
minute tubes of about ^^dd ^ s^oxr ^^ ^^ inx^ in 
diameter. Their wall is a single layer of transparent 
elongated endothelial plates, united by thin Unes of 
cement substance (Fig. 61) ; each cell has an oval 
nucleus. In fact, the wall of the capillaries is merely 
a continuation of the endothelial membrane lining 
the arteries and veins. 

In some places the capillaries possess a special 
adventitia made up of branched nucleated connective 
tissue cells (hyaloidea of frog, choroidea of mammals), 
or of an endothelial membrane {pia maier of brain 
and cord, retina and serous membranes), or of adenoid 
reticulum (lymphatic glands, His). 

The smallest capillaries are found in the central 
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nri-vous system, tlie largest in tho marrow of boii& 
Tlic capillaries foim networks, the richness and 



Fig. tl.— From a Fieparatiim of Uie FerUoneuio, atalued 
ul endoltt'fli 



ith Bitmte of Klier. 

,>ilbrv blood- 



Fig. tt.— Tonnit Fat Tiuueof the Omentnm, Its Bload-T«8Sels injected 
o, ArtciTi t. vein i <. Dclwork ol caplllirlci. (Hmuilbaab.) 

arrangement of which vary in the different organs^ 
according to the natui'e and amuigemeut of the ele- 
ments of the tissue (Fig. 63). 
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107. If capillaries are abnormally distended, as 
in inflammation, or otherwise injured, the cement sub- 
stance between the endothelial plates is liable to give 
way in the shape of minute holes, or stlgmabay which 
may become larger holes, or atoinata. The passage 
of red blood corpuscles (diapedesis), and the migration 
of white corpuscles in inflammation through the 
unbroken capillaries and small veins, occur through 
these stigmata and stomata. 

108. Youngs and Orowinfp Capillaries, both 
of normal and pathological tissues, possess solid thread- 




Fig. 63b— From a Prepsutition of Omeuiniu of Babbit, after staining vtrith 

Nitrate of Silver. 

V, A minute vein ; a, solid jirotoplasraic proionKations of tbe wall of a capillary, 
connected with connective tissue corpuscles ; c, a solid young bud. (Atlas.) 

like shorter or longer nucleated jrrotoplasmic processes 
(Fig. 63), into which the canal of the capillary is 
gradually prolonged, so that the thread becomes con- 
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verted into a new capillary branch. Such growing 
capUkries are capable of contraction (Strieker), 

All blood-vessels, arteries, veins, and capillaries, 
in their early stages, both in embryonal and adult life, 
are of the nature of minute tubes, the wall of 
which consists of a simple endothelial niembrana 
In the case of the vessel becominf; an artery or vein, 
cells are added to the outside of the endothelium, 
thus forming the eluatic, muscular, and Gbrous con- 
nective tissue elements of the wall. 

109. In the first stage, both in the embryo and 
in the adult, tlie -y 

vessel is repre- 
sented by solid 
nucleated proto- 
plasmic cells, elon- 
gated or spindle- 
shaped or branch- 
ed ; Tasofiyrmoiive 
celU. Such cells 
may be isolated 
and independent 
of any pre-exist- 
ing vessel, or 
they may he ' 
solid protoplasmic 
outgrowths of the 
endothelial wall of 
existing capil- 
lary vessels (Fig. p^_ 64,-Developiiig CapillsM Blood-Tesseln 
C4). In both cases from tba Tail ot T«dpole. 

they become hoi- •■,^!:l,"tS^;n^i"^»™iS'.'?™!^U^^^^ 
lowed out by a Jaum.)*^""" '"° "wigBiiourtDs opiiiario. 
process of vacuola- 

tion; isolated vacuoles appear at firet, but they 
gradually become confluent, and thus a young vessel ia 
formed, at first very irregular in outline, but gradually 
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acquiring more and more of a tubular form. In the 
case of an isolated cell, its protoplasmic processes 
grow by degrees to the nearest capillary, to the wall 
of which they become fixed, and the cavity of the cell 
finally opens through such processes into that of the 
capillary vessel. 

The wall of young capillaries is granular-looking 
protoplasm (the original cell substance), and in it 
are disposed, in more or less regular fashion, oblong 
nuclei, derived by multiplication from the nucleus of 
the original cell. In a later stage, a differentiation 
takes place in the protoplasmic wall of the capillary 
into cell-plates and cement substance, in such a way 
that each of the above nuclei appertains to one cell- 
plate, which now represents the final stage in the 
formation of the capillary. Both in the embryo and 
in the adult a few isolated nucleated protoplasmic cells, 
or a few protoplasmic solid processes of an existing 
capillary, may by active and continued growth give 
origin to a whole set of new capillaries (Strieker, 
Affanasieff, Arnold, Klein, Balfour, Ranvier, Leboucq). 



CHAPTER XI. 

THE LYMPHATIC VESSELS. 

110. The large lymphatic trunks, such as the 

thoracic duct, and the lymphatic vessels passing to and 
from the lymphatic glands, are thin-walled vessels, 
similar in structure to arteries. Their lining endothe- 
lium is of the same character as in an artery, and so are 
the elastic intima and the media with its circular mus- 
cular tissue, but they are very much thinner than in 
an artery of the same calibr& The adventitia is an 
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exceedingly thin connective tissue membrane with a 
few elastic fibres. The valves are semi-lunar folds of 
the endothelium and intima. 

111. The lymphatics in the tissues and organs 
form rich plexuses. Tliey are tubular vessels, the wall 
of which is, like that of a capillary blood-vessel, 
a single layer of endothelial phtes (Fig. 65). The 
lymphatic is often many times wider than a blood 
capillary. The endotheUal plates are elongated, but 



Tig. «6.~L7mpiiatic Tessela ot the Dlanbragm of the Dog, bI 
Kitnte or ^ver. 



not SO long as in a blood capillary, \vitli more or less 
sinuous outlines, but this depends on the amount of 
shrinking of the tissue in which the vessel is embedded ; 
when there is no shrinking in the tissue or in the vessel, 
the outlines of the cells are more or less straights 

The lymphatics are supported by the fibrous con- 
nective tissue of the surrounding tissue, which docB 
not, however, form part of their wall. 
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112. The outline of the yessel is not straight, but 
more or less moniliform, owing to the slight dilatations 
present below and at the sem^rlunar valves ; these are 
folds of the endothelial wall^ and they are met with in 
gi*eat numbei-a The vessel appears slightly dilated 
immediately beyond the valve, that is, on the side 
farthest from the periphery, or rootlet, whence the 
current of lymph starts. 

113. Tracing the lymphatic vessels in the tissues 
and organs towards their rootlets, we come to more or 
less irregidar-shaped vessels, the wall of which also 
consists of a single layer of polygonal endothelial plates ; 
the outlines are very sinuous. These are the lymr 
phatic capillaries ; in some places they are mere clefts 
and irregular sinuses, in others they have more the 
character of a tube, but in all instances they have 
a complete endothelial linimr, and no valve& 

Sometimes a blood-ves^l, generally arterial, is 
ensheathed for a shorter or longer distance in a 
lymphatic tube, which has the chai-acter of a Ijrm- 
phatic capillary ; tliese are the perivascular lymphatics 
of His, Strieker, and others. 

114. The rootlets of the lymphatics are situ- 
ated in the connective tissue of the different organs 
in the shape of an intercommunicating system of 
crevices, clefts, spaces, or canals, existing between the 
bundles, or groups of bundles, of the connective tissua 
These rootlets are generally without a complete endo- 
thelial lining, but are identical with the spaces in 
which the connective tissue corpuscles are situated; 
where these are branched cells anastomosing by their 
processes into a network — such as the cornea, or serous 
membranes — we find that the rootlets of the lymphatics 
are the lacunae and canaliculi of these cells — the typical 
lymph-canalicular system of von E.e<;klinghausen. (Fig. 
66). The endothelial cells forming the wall of the 
lymphatic capillaries are directly continuous with the 
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connective cells situated in the rootlets. In tendons 
and fasciie the minute lymphatics lie between the 
bundles, and have the shape of continuous long clefte 



Tig. ee.— From s SllTer-etaiiied Prepuation of tbe Cential T«Ddan of 
ths Rabbit's DiepbngiB. Sbowiog the direct connection of the 
Ljmpli-caji&lioimr S;Bt«m of the Tissue with tbe L^mpbiUo 



or channels ; in striped muscular tissue they have the 
same character, being situated between the muscular 
fibres. 

The passage of plasma from the minute arteries 
and capillary blood-vessels into the lymph-rootleta 
utuated in the tissues, and thence into ^e lymphatic 
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capillaries and lymphatic vessels, is the natural current 
of lymph irrigating the tissues. 

1 1 5. lijrmpli cavities.— In some places the lym- 
phatic vessels of a tissue or organ are possessed of, or 
connected with, irregularly-shaped large sinuses, much 
wider than the vessel itself ; these cavities are the 
lymph sinuses, and their wall is also composed of a 
single layer of more or less polygonal endothelial 
plates with very sinuous outlines. Such sinuses are 
found in connection with the subcutaneous and sub- 
mucous lymphatics, in the diaphragm, mesentery, liver, 
lungs, &c. On the same footing — i.e., as lymph 
sinuses — stand the comparatively large lymph cavities 
in the body, such as the subdural and subarachnoidal 

spaces of the centi'al 
nervous system, the 
synovial cavities, the 
cavities of the tendon- 
sheaths, the cavity of 
the tunica vaginalis 
testis, the pleural, 
pericardial, and peri- 
toneal cavities. In 
batrachian animals, 
e.g.^ frogs, the skin all 
over the tnink and 
extremities is sepa- 
rated from the sub- 
jacent fasciae and 
muscles by large bags 
or sinuses — the sub- 
cutaneous lymph sacs. 
These sinuses tire shut 
off from one another by septa. Between the trunk 
and the extremities, and on the latter, the septa 
generally occur in the region of the joints. In 
female frogs in the mesogastrium smaller or larger 




Fig. 67.— Stomata, lined with Germi* 
nating Endothelial Cells, as seen 
from the Cisternal Surface of the 
SeptuxnCistemsB LymphaticsB MagnsB 
of the Frog. (Handbook.) 
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cysts lined with ciliated endothelium are aometirnea 
found. Behind the peritoneal cavity of the frog, 
on each side of the vertebral column, exists a similar 
large lymph sinus, called the cistei-na Ijmphatica 
magna. 

116. In all instances these cavities are in direct 
communication with 

the lymphatics of the 
surroiinding parts by 
holes or open mouths 
(stomato), often lined 
by a special layer of 
polyhedral endothe- 
lial cells — germinat- 
ing cells (Figs. 67, 
68). Such stomata 
are numerous on the 
peritoneal surface of 
the central tendon of 

the diaphrai[m, in Fig. «8.— Endotheliom and Stomftta of 
Which are found ctoterme Lymplutico TSa^as «( U.» 

straight lymph chan- ("iw- (Handbook.) 

nela between the 

tendon bundles, and these channels communicate here 

and there with the free surface by stomata K 

similar arrangement exists on the costal pleura, the 

omentum, and the cisterna lymphatica magna of the 

frog. (See Chapter IV.) 

117. The seroDs membranes consist of endo- 
thelium upon a layer of fibrous tissue with networks 
of fine elastic fibres ; they contain networks of blood 
capillaries and immeroua lymphatic vessels ari'anged in 
(superficial and ileep) plexuses. Those of the pleura 
costalis— or i-ather, intercostalis— andof thediaphnigni 
and pleura pulmonalis, are most numeroua liiey are 
important in the process of absoi^ition from the pleuittl 
and peritoneal cavity respectively. Lymph and lymph 
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corpuscles^ and other solid particles, are readily taken 
up by the stomata (see Fig. 23) and brought into 
the lymphatics. Here the respiratory movements of 
the intercostal muscles, of the diaphragm^ and of 
the lungs produce the result of the action of a 
pump. 

118. There is a definite relation between the 
lymphatics and the epithelium which covers the 
mucous membranes and lines the various glands and 
also between the endothelium covering serous mem- 
branes and that lining vessels and lymph cavities — 
viz., the albuminous semifluid cement substance (see 
former chapters) between the epithelial or endothelial 
cells is the medium by which fluid and formed matter 
pass between the surfaces and the lymph-canalicular 
system, ».6., the rootlets of the lymphatics. 

119. liymph taken from the lymphatics of dif- 
ferent regions differs in composition and structure. 
That from the thoracic duct contains a large amoimt 
of colourless or white corpuscles (lymph corpuscles), 
each of which is a protoplasmic nucleated cell 
similar in structure to a white blood corpuscle. 
They are of various sizes, according to the stage of 
ripeness. The ^mailer contain one, some of the larger 
contain two and three, nuclei. The latter show more 
pronounced amoeboid movement than the small ones. 
A few red corpuscles are also met with. Granular 
and fatty matter is present in large quantities during 
and after digestion. 

In the frog (and also in other lower vertebi*ates, 
e.^., reptiles) there exist certain ^mall vesicular lymph 
cavities, about an eighth of an inch in diameter, 
which show rhythmic pulsation ; they are called lym'pli 
hearts. On each side of the os coccygis and under- 
neath the skin is a pulsating posterior lymph heart. 
The anterior lymph heart is oval, and situated on 
each side of the processus transversus of the third 
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and fourth yertebrse : it is rather smaller than the 
posterior one. The lymph hearts have an efferent ves- 
Bel, which is a vein^ and from them the venous system 




Fig. 68.— Developing Lymph-capillaries in the Tail of Tadpole, 
a, Solid nucleated protoplasmic branches not yet hollowed out. (Atlas.) 

of the neighbourhood can be easily injected, whereas 
the reverse is not possible. They are lined with an 
endothelium like the lymph sacs, and in their 
wall they possess plexuses of striped, branched, 
muscular fibres. The nerve fibres terminate in these 
striped muscular fibres in the same manner as in those 
of other localities. (Banvier.) 

H— 1 
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120. Lymphatic Teasels are developed and newly 
formed under normal and pathological conditions in 
precisely the same way as blood-vessels. The accom- 
panying woodcut (Fig. 69) shows this very well. We 
have also here to do with the hollowing out of (con- 
nective tissue) cells and their processes previously 
solid and protoplasmic. 



CHAPTER XII. 

FOLLICLES OR SIMPLE LYMPH-GLANDS. 

121. Under this name we include the blood-glands, 
or the conglobate gland substance of Hewson, His, 
and Henle, or the lymph-follicles (KoUiker, Huxley, 
Luschka). The ground substance of all lymph-glands, 
simple as well as compound (»^e below), is tiie lymph- 
atic or adenoid tissue, or leucocytogenous tissue. Like 
all other gland-tissue, it is supplied with a rich net- 
work of capillaries derived from an afferent artery, 
and leading into efferent veins. 

122. The elements constituting this tissue are : — 
(a) Tlie adenoid reticulum (Fig. 70), a network 

of fine homogeneous fibrils, with numerous plate-like 
enlargements. 

(6) Small, transparent, flat, endotheloid cell-plates, 
each with an oval nucleus. These cell-plates are fixed 
on the reticulum, of which at first sight they seem to 
form part. Their oval nucleus especially appears to 
belong to a nodal point — ile,, to one* of the enlarge- 
ments of the reticulum ; but by continued shaking of 
a. section of any lymphatic tissue, the oval nuclei and 
their cell-plates can be got rid of, so that only the reti- 
culum is ieft, without any traoe of a nucleus. 

(c) Lymph-corpuscles completely fill the meshes 
of the adenoid reticulum. These can, however, 
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be easily staken out They are of different sizes; 
some — the young ones — are small cells, with a com- 
parati vely 
large nucleus; 
others — the 
ripe ones — are 
larger, have a 
distinct pro- 
toplasmic cell 
body, with one 
or two nuclei 
In all lymph- c 
atic tissues, be 
they part of a 
simple or of a • 
compound 
lymph gland, 
certain parts 
are of greater ^^_ 70,-Aa«»id Retscoi™ d»ke>. ™t ; mcrt rf 

transparency ">" I-jniph-corpngclea a» lemOTed. From a 

than- others, ^pi-tl^ai"^- 
due to the 

lymph-cells being larger and in a state of division, as 
indicated by the various phases of mitotic division of 
their nucleus (Flemming, Heilbnmn). These lymph- 
cells form, therefore, centres of germination, and con- 
stitute what is spoken of as germ-centres (Flemming). 
The germ centres are not permanent, 

123. The adenoid tissue occure as : 

(1) Diffuse adenoid tissue, without any definite 
arrangement. This occurs in tie subepithelial layer of 
the mucous membrane of the nasal fossK and trachea, 
in the mucous membrane of the false vocal cords and 
tht. ventricle of the laryns, in tlie posterior part of 
the epiglottis, in the soft palate and tonsils, at the 
root of the tongue, in the pharynx, in the mucosa 
of the small and large intestine, including the villi 
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of the foimer ; and in ^e mnoons membrane of Uie 
nasal cavity and vagina. 

(2) Corde, cyliruiera, or patches of adenoid tifisue; 
in the omentum and pleura, aod in the spleen (Mal- 
pighian corpuscles). 

(3) I/ynvph /olUclet, i.e., oval or spheiical masBea 
more or less well defined ; in the touula, at the root 
of the tofigue, in the upper part of the pharynx (pharynx- 
tonsil), in the stomach, small and large intestine ; in 
the nasal mucous membrane, in the large and small 
bronchi ; and in the spleen (Malpighian corpuscles). 

124. The tODsUB (Fig. 71) axe masses of lymph folli- 
cles and diffuse adenoid tissue covered withathin mucous 
membrane, which penetrates in the shape of longer or 



Fig. 7L— Terllcal SecUou UurooKh part of Ufe ToDsil of Dog. 

mujulitiuip- Tbelinu^vF tlw miicouft luembrRne ii IbAHrAKd wlib iiden 
UHai\ /.IfDiiifaraUIeltfi^iH.uiicoiugludof LbembmacouitlHue. |Atl 
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shorter folds into the substance within. Nirmbers of 
mucus-secreting glands situated outside the layer of 
lymph follicles discharge their secretion into the pits 
(the crypts) between the folds. The free surface of 
the tonsils and the crypts is covered or lined with the 
same stratified epithelium that lines the oral cavity. 
Numbers of lymph corpuscles constantly, in the per- 
fectly normal condition, migrate through the epithe- 
lium on to the free surface, and are mixed with the 
secretions (mucus and saliva) of the oral cavity. The 
so-called mucous or salivary corpuscles of the saliva, 
taken from the oral cavity, are such discharged lymph 
corpuscles (Stohr). They become swollen up by the 
water of the saliva, and assume a spherical i^ape. 
They finally disintegrate. 

Similar relations, only on a smaller scale, obtain 
at the root of the tongue. 

The pharynx tonsU of Luschka, occurring in the 
upper part of the pharynx, is in all essential respects 
the same as the palatine tonsiL Owing to large parts 
of the mucous membrane of the upper portion of the 
pharynx being covered with ciliated columnar epithe- 
lium, some of the crypts in the pharynx tonsil are also 
lined with it. 

125. The lenticular glands of the stomach are 
single lymph-follicles. 

The solitary glands of the small and large 
intestine are single lymph-follicles. 

The agminated glands of the ileum are groups 
of lymph-follicles. The mucous membrane containing 
them is much thickened by their presence. These groups 
of follicles are called a Peyer^a patch or a Peyer^a gland, 

126. In most instances the capillary blood-vessels 
form in the lymph-follicles meshes, arranged in a more 
or less radiating manner from the periphery towards 
the centre ; around the periphery there is a network 
of small veins. A larger or smaller portion ^f the 
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drcamferenoe of the follicles of the tonsils, pharynx, 
intestine, bronchi, <Sk;., is surrounded by a lymph 
sinus leading into a lymphatic ressel. The lymphatic 
vessels and lymph sinuses in the neighbourhood of lym- 
phatic follicles or of dif^se adenoid tissue are almost 
always found to contain numerous lymph corpuscles, 
thus indicating that these are produced by the adenoid 
tissue and absorbed by the lymphatics. 

127. The Thymus gland consists of a frame- 
work and the gland substance. The former is fibrous 
connective tissue arranged as an outer capsule, and 
in connection with it are septa and trabeculse passing 
into the gland and subdividing it into lobes and 
lobules, which latter are again subdivided into the 
follicles (Fig. 72). The follicles are very irregular 
in shi^, most of them being oblong or cylindrical 
streaks of adenoid tissue. Near the capsule they are 
well defined from one another, and present a polygonal 
outline ; farther inwards they are more or less fused^ 
Each shows a central transparent medulla (germ-centre) 

and a peripheral less transparent cortex (Watney). 
At the places where two folHcles are fused with one 
another the medulla of both is continuoua The matrix 
is adenoid reticulum, the fibres of the medullary part 
being coarser and shorter, those of the cortical portion 
of the follicle finer and longer. The meshes of the 
adenoid reticulum in thecortical part of the follicles are 
filled with the same lymph-corpuscles as occur in the 
adenoid tissue of other organs, but in the medullary 
part they are fewer, and the meshes are more or less 
completely occupied by the enlarged but transparent 
endotheloid plates. These conditions cause the greater 
transparency of the medulla. In some places the 
endotheloid cells are granulai*, and include more than 
one nucleus ; some are even multinucleated giant celLa. 

128. There occur in the medulla of the follicles, 
larger or smaller, more or less concentrically-arranged 
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nucleated protoplasmic cells, which are the coiKentrie 
bodies of Hassall {Fig. 73). They are met with even 



le Thf miu Gland at a. Feet 



in the early stcigea of the life of the th}'nms, and 
cannot therefore be connect«d with the involution of 
the gland, as maintained by Afanassief, according to 
whom the concentric cor- 
puscles are formed in 
blood- vessels which there- 
by become obliterated. 
Accoitltng to Watney 
they are concerned in the 
formation of blood-vessels 
and connective tissue. 

The lymphatics of the 
interiblllcular septa and trabecule always contain 
numbers of lymph corpuaclea. The blood capillaries 
of the follicles are more richly distributed in the 
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cortex than in the medulla, and they radiate from the 
periphery towards the central parts. 

129. After birth, the thymus begins to undergo 
inyolution, leading to the gradual disappearance of 
the greater portion of the gland, its place being taken 
by connective tissue and fat But the time when 
the involution is completed varies within very -wide 
limits. 

It is not unusual to find in persons of fifteen to 
twenty years of age an appreciable amount of thymus 
tissue. According to Waldeyer, about 60 per cent, of 
adults examined had still a portion of thymus gland 
left. In some animals — e.g, guinea-pig — the involution 
of the gland even in the adult has not made much pro- 
gress. In the thymus of the dog Watney found cysts 
lined with ciliated epithelial cells. 



CHAPTER XIII. 

COMPOUND LYMPHATIC GLAKDS. 

130. The compound or true lymphatic glands are 
directly interpolated in the course of lymphatic vessels. 
Such are the mesenteric, portal, bronchial, splenic, 
sternal, cervical, cubital, popliteal, inguinal, lumbar, 
glands. Afferent lymphatic vessels anastomosing into 
a plexus open at one side (in the outer capsule) into 
the lymphatic gland, and at the other (the hilum) 
emerge from it as a plexus of efferent lymphatic tubes. 

131. Each true lymphatic gland is enveloped in a 
fibrous capsule which is connected with the interior and 
the hilum by trahecuUB and septa of connective tissue. 
The trabeculse having advanced a certain distance, about 
one-third or one-fourth, towards the centre, branch into 
minor trabeculse, whichin themiddle of the gland anasto- 
mose with one another so as to form a plexus with small 
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meshes. Thus the peripheral third or fourth of the 
gland is subdivided by the septa and trabeculie, into 
relatively large spherical or oblong com])artnients, while 
the middle portion is made up of relatively small cylin- 
drical or irregularly-shaped compartments (Fig. 74). 
The former region is the cortex, the latter the medulla of 
the gland. The compartments of the cortex anastomose 
with one another and with those of the medulla, and 
these latter also form one intercommunicating system. 
The fibrous capsule, the septa and trabeculfe are 
the carriers of the vascular trunks ; the trabeculte 
consist of fibrons connective tissue and of a certain 
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amount of non-striped miiscular tissue, which is con- 
spicuous in some animals — e.,Q., pig, calf, rabbit, 
guinea-pig^but is scanty in man. 

Sometimes coarsely granular connective tissue cells 
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(plasma cells) are present in considerable numbei's in 
the trabeculte. 

132. The comfNurtments contain masses of adenoid 
tissue, without being completely filled with it ; those 
of the cortex contain oval or xpherical masses — tJie 
lymph follicles of tlie cortex ; those of the mednlla 
eylindncal or irregitlarly-shai>ed masses — tiie medvilary 
cyUnden. The former anastomose with one another 
and with the latter, and the latter amongst them- 
selves, a condition easily understood from what has 
been said above of the nature of the compartments 
contwning these lymphatic structures. The follicles 

and medullary 
cylinders consist 
of adenoid tigme 
of exactly the 
same character as 
that described in 
the previous chap- 
ter. And this 
tissue also con- 
tains the last rami- 
fications of the 
blood-vessels, i.e., 
the last branches 
of the arteries, a 
rich network of 
capillaiy blood- 
vessels, and the 
first or smaller 
branches of the 

Pig. 75,— From a. Section thnjngh a veins The 

Lymphfttic Gland. .1,' - j 

.. The mM «,p™i<,! ., Mni.,1 ifraph»inu,: capillaries and 
!'n^™IiVcM"Ds''^4^'"'rIS"lU''B. (aVTmT' other vessels re- 
ceive also here 
an adventitious envelope from the adenoid reticulum, 

133. The cortical follicles and the medullary 
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cj'lindei's do not completely fill out the compartmenta 
made for them by the capsule and trabeculfe respeo- 
tively, but a narrow peripheral zone of each compart- 
ment \% left free ; this is a lysKpltatic sinus. In the 
cortex it is spoken of as a cortical (Fig. 75), in the 
medulla as a medullary, lymph Hntts (Fig. 75). The 
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former is a space between the outer surface of the 
cortical lymph follicle and the corresponding part of 
the capsule or cortical septum, the latter between tlie 
surface of a medullary cylinder and the trabeculsa 
From what has been said of the relation of the com- 
partments, it follows that the cortical and medullary 
lymph sinuaes form one intercommunicating system. 
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These are not empty free spaces, but are filled with a 
coarse reticulum of fibres, much coarser than the ade- 
noid reticulum ; to it are attached large transparent 
cell plates — endotheloid plates. In some instances (as 
in the calf) these cell-plates of the medullary sinuses 
contain brownish pigment granules, which give to the 
medulla of the gland a dark brown aspect. In the 
meshes of the reticulum of the sinuses are contained 
lymph-corpuscles, the majority of which consist of a 
comparatively large protoplasmic body, and one or two 
nuclei ; they show lively amoeboid movement ; a few 
small lymph-corpuscles are also amongst them. 

The surface of the trabeculse facing the lymph 
sinuses is covered with a continuous layer of endothe- 
lium (von Hecklinghausen), and a similar endothelial 
membrane, but not so complete, can be made out on 
the surface of the cortical follicles and the medullary 
cylinders. The endotheloid plates, applied to the 
reticulum of the sinuses, are stretched out^ as it were, 
between the endothelial membrane covering the sur- 
face of the trabeculse on the one hand and that 
covering the surface of the follicles and cylinders on 
the other. 

In the mesenteric glands of the pig the distribu- 
tion of cortical follicles and medullary cylinders is 
almost the reverse from that of other glands or in 
other animals. 

134. The afferent lymphatic vessels having entered 
the outer capsule of the gland, and having formed 
there a dense plexus, open directly into the cortical 
lymph sinuses. The medullary lymph sinuses lead 
into lymphatic vessels, which leave the gland at the 
hilum as the efferent vessels. 

Both afferent and efferent vessels are supplied 
with valvea 

135. The course of the lymph through a lymphatic 
gland is this — from the afferent vessels, situated in 
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the capsule, into the cortical lymph sinuses, from 
these into the medullary sinuses, and from these into 
the efferent lymphatics. Owing to the presence of 
the reticulum in the lymph-sinuses the current of the 
lymph will flow very slowly and with difficulty, as if 
through a spongy filter. Hence a large number of 
formed corpuscles, pigment, inflammatory or other 
elements, passing into the gland by the afferent vessels 
are easily arrested and deposited in the sinuses, and 
are there readily swallowed by the amoeboid corpuscles 
lying in the meshes. 

Passing a stream of water through the gland, the 
contents of the meshes of the reticulum of the sinuses — 
i.e., the lymph corpuscles — are of course the first things 
washed out (von Kecklinghausen), and on continuing 
the stream some of the lymph corpuscles of the 
follicles and cylinders are also washed out. Probably 
also by the normal lymph-stream through the gland, 
lymph-cells are drained, as it were, from the follicles 
and cylinders into the sinuses. The amoeboid move- 
ment of these cells will greatly assist their passage 
into the sinuses. From here the cells are earned 
away by the efferent lymph vessels, and are ultimately 
washed into the circulating blood as white blood cor- 
puscles. The cortical follicles, as well as the medullary 
cylinders, contain germ-centres. 



CHAPTER XIV. 

NEBVE-FIBRES. 



136. The nerve-fibres conduct impulses to or from 
the tissues and osgans on the one hand, and the nerve- 
centres on the other, and accordingly we have to con- 
sider in each nerve-fibre the peripheral and central 
termination and the conducting part The latter, «.$., 
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tJie nerve-fibrea proper, in the cerebro-apinftl nerves are 
grouped into bundles, and these again into anatomicat 
nerve-branches and nerve-trunks. Each anatomical 
cerebro-spinal nerve consists, therefore, of bundks of 
nerve-fibrea (Fig. 77). The general stroma by which 
these bundles are held together is fibrous connective 
tissue called the Epineuriuni {Key and Retziua) ; this 
epineurium is the carrier of the lai-ger and smaller 
blood-vesselfl with which the nerve-trunk is supplied, 
of a plexus of lymphatics, of groups of fat-cells, and 
sometimes of numerous plasma cells. 

137. Thenere«-6wn(flesor^)itcuZi(rig. 78)varyin 
size according to the number and size of the nerve-fibrea 
they contain. They are well-defined by a sheath of their 
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arranged in lamellie, every two lamelhe being separated 
from one another by smaller or larger lymph spaces, 
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which foi-m an intercommunicating system, and 
anastomose with the lymphatics of the epineurium 
whence they can be injected. Between the lamellae, 
and in the spaces, are situated flattened endotheloid 
connective tissue corpuscles. 

The nerve-bundles are either single or compownd. 
In the former the nerve-fibres contained in a bundle 
are not sub-divided into groups, in the latter the 
bundles are sub-divided by thicker and thinner septa 
of fibrous connective tissue connected with the peri- 
neuriunL When a nerve-bundle divides— as when a 
trunk repeatedly branches, or when it enters on its peri- 
pheral distribution — each branch of the bundle receives 
a continuation of the lamellar perineurium. The more 
branches the perineurium has to supply, the more re- 
duced it becomes in thickness. In some of these minute 
branches the perineurium is reduced to a single layer 
of endothelial cells. When one of these small bundles 
breaks up into the single nerve-fibres, or into small 
groiips of them, each of these has also a continuation 
of the fibrous tissue of the perineurium. In some 
places this perineural continuation is only a very 
delicate endothelial membrane, at others it is of 
considerable thickness, and still shows the laminated 
nature. Such thick sheaths of single nerve-fibres, 
or of small groups of them, represent what is called 
Henle^s sheatJi, 

138. The nerve-fibres are held together within the 
bundle by connective tissue, called ihb EridonevHum 
(Fig. 78)i This is a homogeneous ground substance in 
which are embedded fine bimdles of fibrous connective 
tissue, and connective tissue corpuscles, and capillary 
blood-vessels arranged so as to form a network with 
elongated meshes. Between the perineurium and the 
nerve-fibres are found here and there lymph spaces; 
similar spaces separate the individual nerve-fibres, and 
have been injected by Key and Eetzius. 
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When nerve-trunks anastomose so as to form a 
plexus — e.g., in the brachial, or sacral plexus — there 
occurs an exchange and rearrangement of nerve- 
bundlea in the branches. A similar condition obtains 
in the ganglia of the cerebro-spinal nerves. Nerve- 
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trunks and nerve-branches passing through & lymph 
cavity, such as the subdural s])aces, or the sub- 
cutaneous lymph .sacB, or the cistenia lymphatica 
magna in the frog, receive from the serous membraJie 
an outer endothelial covering. 

139. Most of the nerve-fibres in the bundles of 
the cerebro-spinal nerves, with the exception of the 
olfactory nevve, are meduUated rierve-^rea. These 
are doubly contoured smooth cylindrical fibres, 
varying in diameter between -j^^j^j and i-jjjnr <*^ *" 
inch. Within the same nerve, and even within the 
same nerve-bundle, there occur fibres which are 
several times thicker than others, and it is pro- 
bable that they are derived from different sources. 
Schwalbe has ^own that the thickness of the nerve- 
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fibre stands in a certain relation to the distance of its 
periphery from the nerve-centre and to its functional 
activity. 

A mediiUated nerve-fibre in the fresh condition 
is a bright glistening cylinder, showing a dark 
double contour. Either spontaneously after death, 
or after re-agents — ^as water, salt solution, dilute 
acids-or after pressure and mechanical injury, the 
outline of the nerve-fibre becomes irregular ; smaller, 
or larger, glistening dark-bordered droplets and masses 
appear and gradually become detached. These 
droplets and masses are derived from the fatty sub- 
stance constituting the medullary sheath or white 
substance of Schwann (see below). When a nerve- 
fibre within the bundle undergoes degeneration during 
life, either after section of the nerve or after other 
pathological changes, or in the natural course of its 
existence (S. Mayer), the medullary sheath breaks up 
into similar smaller or larger globules or particles, 
which gradually become absorbed. 

140. Each meduUated nerve-fibre (Figs. 79, 81) 
consists of the following parts : (a) the central axis 
cylinder. This is the essential part of the fibre, and is 
a cylindrical or bandlike, pale, transparent structure, 
which in certain localities (near the terminal distribu-f 
tion, in the olfactory nerves, in the central nervous 
system), and especially after certain re-agents, shows 
itself composed of very fine homogeneous or more or 
less beaded fibrillae — ^the elementary or primitive Jibrillce 
(Max Schultze) — held together by a small amount of a 
faintly granular interstitial substance. The longitu- 
dinal striation of the axis cylinder is due to its being 
composed of primitive fibrillaB. The thickness of the 
axis cylinder is in direct proportion to the thickness 
of the whole nerve-fibra The axis cylinder itself is en- 
veloped in its own hyaline more or less elastic sheath 
— the Axilemma (Kiihne), composed of neurokeratin. 
I— 1 
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141. (6) The medvMoury sheath or white substance of 
Schwann is also called the medulla of the nerve-fibre. 
This is a glistening bright fatty substance surround- 
ing the axis cylinder, as an insulating hollow cylinder 
surrounds an electric wire. The medullary sheath 
given to the nerve-fibre its double or dark contour. 
Between the axis cylinder and the medullary sheath 
there is a small amount of albuminous fluid 

which appears greatly increased 
when the former, owing to shrink- 
ing, stands farther apart from the 
latter. 

142. (c) The Bheath qfSehvxinn, 
or the neurUemmctf closely surrounds 
the medullary sheath, and forms 
the outer boundary of the nerve- 
fibre. It is a delicate structure- 
less membrane. Here and there 
between the neurilemma and the 
medullary sheath, and situated in 
a depression of the latter, is an 
oblong nucleus, surrounded by a 
thin zone of protoplasm. These 
nucleated corpuscles are the nerve 
eorpuaclea (Fig. 79), and are analo- 
gous to the muscle corpuscles, situ- 
ated between the sarcolemma and 
the striated muscular substance. 
They are not nearly so nimierous as 
the muscle corpuscles. 

143. The neurilemma presents 
at certain definite intervals annular 

constrictions, the Ticdea or constrictions ofRommer (Figs. 
79, 80, 81), and at these nodes of Kanvier the medulla^ 
sheath, but not the axis cyliader and its special sheath, 
is suddenly interrupted and sharply terminate& The 
portion of the nerve-fibre situated between two nodes is 
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Pig. 79. — Two Nerve 
Fibres, Blowing the 
nodes or constric- 
tions of Ranvier and 
rbe axis cylinder. 
The medullary 
sheath has been dis- 
solved away. The 
deeply - stained ob- 
long nuclei Indicate 
the nerve corpuscles 
-within the neuri- 
lemma. (Atlas.) 
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the intemodal segment. Each intemodat segment has 
generally one, occasionally more than one, nerve 
coLpuBcle. Tbe medul- 
Iftiy cylinder of each in- 
temodal segment is made b 
up of a number of coni- 
cal sections (Pig. 81a) 
imbricated at their ends 
(Schmidt, Lantetmonn) 
(Fig. 81), and each such 
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section is again made up of 
a large number of rod-like 
structures (Fig. 82) placed 
vertically on the axis cylin- 

These rods are, how- 
Fig. a-K^v^M. Nerve- ^^^^^ connected into a neO 
work. The network itself 
is very likely the neuro- 
keratin of Ewald and Kflhne, 
bHwHi u* Hnfritemmi^ whereas the interstitial sub- 
SSifi£;a''Sr;S"& ."; : stance of the network is 
iS°«)?'"Mn"i'™r^iS"i]'X- probably the fatty snb- 
Swi^B^llSiwrba? iBemSfuL- Stance leaving the nerve- 
tSwimiBBHiBw"'""'"'"*'' fihre in the shape of droplets 
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ed to the fresh 



when pressure or reagenta an 

nerve-fibre. 

144. Medullated nerve-fibres without tmy nevri- 

lenima,asid conseqweutly without any nodes of Ranvier, 

with a, thick more or less distinctly laminated medul- 
lary Bheatli, form the 
white substance of the 
brain and spinal cord. 
In these organs, in the ■ 
hardened and fi'esh state, 
niunerous nerve -fibres 
may be noticed, which 
show more or less regu- 
lar varicosities, owing to 
local aecnmulations of 
fiuid between the axis 
cylinder and medullary 
dieath. These are called 

They occur also in the 
branches of the sympa- 
thetic nerve. 

The nen'e-fibres of 
the optic and acoustic 
nerve are mediUlated, 
but without any neuri- 
lemma ; varicose fibres 
KATiwjf'vCTjMTrmiiBrf'inionte are common in them. 
onteVK.ii«e%h«i" (AruS)"^' ^ H5. Medullated 

neri'e-fibres occasionally 
in their course divide into two medullated fibres. Such 
division is very common in medullated nerve-fibres 
supplying striped muscular fibres, especially at or near 
the point of entrance into the muscular fibres. (See 
below.) But also in other localities division of nerve- 
fibres may be met with. The electric nerve of the 
electric fishes {e.g., malaptenirus, gymnotus, silurus) 
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shows such divisions to an extraordinary degree, 
one huge nerve-fibre dividing at once into a bundle of 
minor fibres. Division of a meduUated fibre takes 
place generally at a node of Ranvier. The branches 
taken together are generally thicker than the un- 
divided part of the fibre, but in structure they are iden- 
tical with the latter. 

146. When meduUated nerve-fibres approach their 
peripheral termination, they change sooner or later, in 
so far as their medullary sheath suddenly ceases ; and 
now we have a nonrmeduUated, or Bemak's nerve- 
fibre. Each of these consists of an axis cylinder, a 
neurilemma, and between the two a nucleated nerve 
corpuscle from plax^e to place. Non-medullated nerve- 
fibres always show the fibrillar nature of their 
axis cylinder. The olfactory nerve-branches are 
entirely made up of non-medullated nerve-fibres. In 
the branches of the sympathetic most fibres are non- 
medullated. 

In the course of manyof the branches of the cerebro- 
spinal nerves there occur non-medullated fibres gene- 
rally in small groups ; these fibres are considered to be 
derived from the sympathetic system, having joined 
the cerebro-spinal nerve by the grey portion of the 
ramus communicans (Gaskell). The non-medullated 
fibres near their terminal distribution always undergo 
repeated divisions. They form plexuses^ large fibres 
branching into smaller ones, and these again joining 
(Fig. 83). Generally at the nodal points of these 
•plexuses there are triangular nuclei, indicating the 
corpuscles of the neurilemma. 

147. Finally, the non-medullated nerve-fibres lose 
their neurilemma, and then we have simple axis 
cylinders. These- branch and ultimately break up 
into their constituent primitive nerveJihrillcB, which 
occasionally show regular varicosities (Fig. 84). Of 
course, of a neurilemma or the nuclei of the nerve 
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corpuscles there is nothing left.- These primitive 
fibnllse branch and anastomose with one another, and 
thus form a netv)ork. The density of this network 




Fig. SS.—Flezus of Fine Kon-medullated Nerve-fibres of the Cornea. 

a, A thick non-medullated nerve-fibre ; b, a fine one ; c, cf, elementary fibrils, 

aDastomosing into a network. 



depends on the number of primitive fibrils and the 
richness of their branching. These primitive fibrils 
and their networks form the periphercd termination^ 
and this mode of termination occurs in the nerve- 
fibres of common sensation, as in many of the nerv©- 
fibres of the skin, cornea, and mucous membranes. 



In fill tbeae caaca the peripheral temiin&tion, i.e., the 
primitiye fibrils and their ramifications, are intra- 
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epithelial (Fig, 85), i.e., they are situated in the stratum 
Malpighii of the epidermis, in the epithelial parts of the 
hair follicle, in the anterior epithelium of the cornea, 
and in the epithelium of the mucous membranes. The 
primitive nerve-fibrils lie in the interstitial substance 
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between the epithelial cells, and 8ome of them have 
been observed to end with minute swellings in the 
celt substance itself close to the nucleus (Ffitsner, 
Macallum). 

148. 'rracingtiienauerve-fibre,8ayone ofoommon 



Tig:. 85.— IiitrB-epiUielialKerve>t«naiiimtloii In Uie Anterior EplUieliiini 
af tbe Cam», u seen In an obllqua section. 

* " '*" '^ ° "' 'J',ptil"lirfi»j'i."l" taWbift." '**'' ' "' "" 

sensation, from tbe periphery towai-ds the centre, we 
have isolated primitive JibriU or networks of them ; 
they form by association simpk axis cylinders, which 
vary in thickness according to the number of their 
constituent primitive fibrila These simple axis cylin- 
ders form plexuses. By association they make larger 
axis cylinders, and these becoming invested 'with a 
neurilemma, and with the nuclei of nerve corpuscles, 
form iwn-meduUated nerve-fhreii. These also form 
plexuses. I.aBtly, a medullary sheath makes its ap- 
pearance between the neurilemma and the axis cylinder, 
and this constitutes a medullaUd nerve^fibre. 
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CHAPTER XV. 

PERIPHERAL NERVE-ENDINGS. 

149. In the preceding chapter the termination of 
the nerves of common sensation, as isolated primitive 
fibrillse, and as networks of these, has been described 
in the epitheliam of the skin and mucous mem- 
branes, and in the anterior epithelium of the cornea. 
Besides these there are other special terminal organs 
of sensory nerves, probably concerned in the per- 
ception of some special quality or quantity of sensory 
impulses. They are all connected with a medullated 
nerve-fibre, and are situated, not in the epithelium 
of the surface, but in the tissue, at greater or 
lesser deptL Such are the corpuscles of Pacini and 
Herbst, the end-bulbs of Krause in the tongue and 
conjunctiva, the genital end-corpuscles or end-bulbs 
in the external genital organs, the corpuscles of 
Meissner, or tactile corpuscles, in the papillse of the 
skin of the volar side of the fingers, the touch-cells of 
Merkel in the beak and tongue of the duck. 

150. The Pacinian corpuscles. — These are 
also called Vater's corpuscles. They occur in large 
numbers on the subcutaneous nerve-fibres of the palm 
of the hand and foot of man, in the mesentery of the 
cat, along the tibia of the rabbit, in the genital organs 
of man (corpora cavernosa, prostate). Each corpuscle 
is oval, more or less pointed, and in some places 
(palm of the human hand, mesentery of the cat) 
easily perceptible to the unaided eye, the largest 
being about -^th of an inch long and J^th of an 
inch broad ; in other places they ai*e of microscopic 
size. Each possesses a stalk, to which it is attached, 
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and which comasts of % single meivMoXed •nero^jSyn 
(Fig. 86), differing from an ordinary medullated 
nerve-fibre merely in the fact that outside ita 
neurilemma there is pre- 
sent a thick laminated 
connective tissue sheath. 
This is the sheath of 
Henle — continuous with 
the perineural sheath of 
the nerve branch with 
which the nerve-fibre ic in 
connection. This medul- 
lated nerve-fibre within its 
slteath possesses generally 
a very wavy outline. The 
corpuscle itself is com- 
posed of a lai^ number of 
lamellse, or capsules, more 
or less concentrically ar- 
ranged around a central 
elongated or cylindrical 
clear space. This space 
Kg. M-A Pucinfan ConraBols, Contains in its axis from 
from the MeBenterjr of tta Cat. the proximal end, i.e., the 
"' """"ieStri'craii'BuieB"' '' ""^ 0116 nearest to the Btaik,to 
near the opposite or distal 
end, a continuation of the nerve-fibre in the shape 
of a simple axis cylinder. But this axis cylinder 
does not fill out the central space, since there is 
all round it a space left filled with a transparent 
substance, in which, in some instances, rows of sphe- 
rical nu<jei may be perceived along the margin of 
the axis cylinder. At or near the distal end of the 
central space the axis cylinder divides in (u>o or 
more brancltes, and these UrminaU in pear-shaped, 
oblong, spherical, or irn^pilarly-shaped granular- 
UxHai^ mlaffgemevts. 
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151. Tlie concentric capatdea forming the corpuscle 
itself are disposed in a different manner at the periphery 
and near the central space from that in which they 
are disposed in the middle parts, viz., in the former 
localities they are much closer together, being thinner 
than in the latter. On looking, therefore, at a 
Pacinian corpuscle in its longitudinal axis, or in cross 
section, we idways notice the striation (indicating the 
capsules) to be closer in the former than in the latter 
places. Each capsule consists of — (a) a hyaline, pro- 
bably elastic, ground mbatomce^ in which are embedded 
here and there (5) Jme hwndha of connective tissue 
fibres; (c) on the inner surface of each capsule, t.6., 
the one directed to the central axis of the Pacinian 
corpuscle, is a single layer of nucleated endothelial 
plates. The oblong nuclei visible on the capsules at 
ordinary inspection are the nuclei of these endothelial 
plates. There is no fluid between the capsules, but 
these are in contact with one another (Huxley). 
Neighbouring capsules are occasionally connected with 
one another by thin fibres. 

152. In order to reach the central space of the 
corpuscle, the medullated nerve-fibre has to perforate 
the capsule at one pole; thus a canal is formed 
in which is situated the medullated nerve-fibre, 
and as such, and in a very wavy condition, it reaches 
the proximal end of the central spaca This 
part of the nerve-fibre may be called the interme- 
diate part The lameUse of the sheath of Henlo 
pass directly into the peripheral capsales of the 
corpuscle. 

Immediately before entering the central space, 
the nerve-fibre divests itself of all parts except the 
axis cylinder, which, as stated above, passes into 
the central space of the Pacinian corpuscle. In some 
eases a minute artery enters the corpuscle at the 
pole, opposite to the nerve-fibre; it penetrates the 
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periplienl capsules, and supplies them with a few 

capillary veasels. 

1£>3. The corpuscles of Berbst are similar to 

the Facinian corpuscles, with this difference, that they 

are smaller and more elongated, that the axis cylinder 
of the central space is bordered by 
a continuous row of nuclei, and 
tli&t the capsules are thinner and 
more closely placed (Fig. 87). 
This applies especially to those 
near the central space, and here 
between these central capsules we 
miss the nuclei indicating the en> 
dothelial plates. Such is the nature 
of Herbst's corpuscles in the mucous 
membrane of the tongue of the 
duck, and to a certain degree also 
in those of the rabbit, and in 
tendons, 

154. The tactile corpos- 
cles, or corpuscles of Nelss- 
ner, occur in the papOlie of the 
coriiim of the volar side of the fin- 
gers and toes in man and in apes ; 

Pig. 87. — A Heriai's they are oblong, straight, or 
Ton^B^rf ^fc "" ^^I'tly folded. In man they are 

« Tb"''^mtiiini'i^ nptve- al^U* J?o *0 s^ "^ *"* ""^^ lo"g» 

iibni rui swsj. and y^ to -^g of an inch 

broad. They ai-e connected 
with a medullated nerve fibre — generally one, occa- 
sionally, but rarely, two — with a sheath of Henle. 
The nerve-fibre enters the corpuscle, but usually 
before doing so it winds round the corpuscle as a 
medullated fibre once or twice or oftener, and its 
Henle's sheath becomes fused with the fibrous capsule 
or sheath of the tactile corpuscle. The nerve-fibre 
ultimately loses its medullary sheath and penetrates 
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into the interior of the corpuscle, where the axis 
cylinder branches ; its branches re- 
tain a coiled course all along the 
tactile corpuscle (Fig. 88), anastomose 
with one another, and terminate in 
slight enlargements, pear-shaped or ' 
cylindrical. These enlargements, ac- 
cording to Merkel, are touch cells. 
The matrix, or main part of the 
tactile corpuscle consists, besides tJie 
fibrous sheath with nuclei and numer- 
ous elastic fibres, of fine bundles of 
connective tissue, and of a number 
of nucleated small cells. ^Jf- 88.-*. '^HUe 

155. The «nd. bulbs of ^&^^^ 
Krausc— These occur in the con- UieHmnanHBnd. 
junctiyft of the calf and of man, and ^W"*oi''J!ie°M?J^ 
are oblong or cylindrical minute cor- w.'^Fiemninf.)'^'^"' 
puscles situated in the deeper layers of 

the conjunctiva, 
near the corneal 
margin. A medul- 
lated nerve - fibre, 
with Henle's sheath, 
enters the corpuscle 
(Fig. 89). This 
possesses a nu- 
cleated capsule, and 



more granular- 
looting) structure, 
numerous nuclei be- 
ing scattered be- 
tween the laminte. 
Of the nerve-fibre,' 
as a rule, only the 



126 Elements of Histology. [Chip, xv. 

axis cylinder is prolonged into the interior of the 
corpuscle. Occasionally the medullated nerve-fibre 
passes, as such, into the coqtuacle, being at the 
same time more or less convoluted. Having passed 
to near the distal extremity, it branches, and termi- 
nates with small enlat^ements (Krause, Longworth, 
Merkel, Key and Retzius). 

The end-bulbs in the genital organs, or the genital 
eorpuechs of Krause, are similar in strncture to the 
simple end-bulbs. They occur in the tissue of the 
cutis and mucous membrane of the penis, clitoris, and 
vagina. 

156. The corpusclos of Ctrandry or toucA- 
corpuscles of Merkel, in the tissue of the papilke in the 
beak and tongue of birds, are oval or spherical cor- 
puscles of minute size, possessed of a very delicate 




Fig. so.— CorpoBOlei 



nucleated membrane as a capsule, and consisting of a 
series (two, three, four, or more) of large, slightly- 
flattened, granular-looking, transparent cells, each with 
a spherical nucleus, and arranged in a vertical row (Fig. 
90). A medullated nerve-fibre enters the corpuscle from 
one side, and losing ita medullary sheath, the axis cy- 
linder branches, and its branchleta terminate, according 
to some (Merkel, Henle), in the cells of tlie corpuscle 
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(touch-cells of Merkel) ; according to others (Key and 
Retzius, Ranvier, Hesse, Izquierdo), in the trans- 
parent substance between the touch-cells, thus form- 
ing the * disc tactil ' of Ranvier or the Tastplatte of 
Hesse. Neither theory seems to me to answer to the 
facts of the case, since I find that the branchlets of 
the axis cylinder terminate, not in the touch-cells, nor 
as the disc tactil, but with minute swellings in the 
interstitial substance between the touch-cells, in a 
manner very similar to what is the case in the con- 
junctival end bulbs. According to Merkel, single or 
small groups of touch-cells occur in the tissue of the 
papillae, and also in the epithelium, in the skin of 
man and mammals. 

157. In aiticulatioiis— «.^., the knee-joint of the 
rabbit — ^Nicoladoni described numerous nerve branches, 
from which fine nerve-fibres are given off Some of 
these terminate in a network, others on blood-vessels, 
and a third group enter Pacinian corpuscles. Krause 
described in the synovial membranes of the joints of 
the human fingers medullated nerve-fibres which end 
in peculiar tactile corpuscles, called by him " articular 
nerve-corpuscles. *' 

158. The nerve branches supplying non- 
striped muscular tissue are derived from the 
sympathetic system. They are composed of non- 
meduUated fibres, and the branches are invested in 
an endothelial sheath (perineurium). The branches 
divide into single or small groups of axis cylinders, 
which reunite into a plexus — the ground pUxua 0} 
Arnold, Small fibres coming off from the plexus 
supply the individual bundles of non-striped muscle 
cells, and they form a plexus called the intermediary 
plexus (Fig. 91). The fibres joining this plexus are 
smaller or lai'ger bundles of primitive fibrillse ; in 
the nodes or the points of meeting of these fibres 
are found angular nuclei From Uie intermediate 
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plexns pasB off isolated or small groups of primitive 
fibrillffi, which pursue their course in the interstitial 




substance be- 

muscle cells ; 

these are the 
inHrntueeulai 
Jibrils (Fig. 92). 
According to 
Frank enhaiiser 
and Arnold, 
they give off 
finer fibrils, 
ending 



uclei 



{or 
Ac- 
to 

the 



EHscher, 
primitive fibrils 
terminate on the 
surface of the 
nncleus with a 
minute Bwelling. 
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In many localitips there arfi ttiolatei:! ganglion cells 
in connection with the intermuscnlar flhrea. 

lf>9. The nerves of blood-vessels ai-e derived 
from tlie sympathetic, and they terminate in arteries 
and veins in .essentifllly the same way as in non- 
atriped muscnlar tissue, being chiefly present in those 



parts (media) which contain the non-striped mnsciilar 
tissue. But there are also fine non-medullated nerve 
fibres, which accomjiany capillary vessels — capillary 
arteries and capillary veins — and in some places they 
give off elementary fibrils, which forma network around 
the vessel (Fig. 93). In some localities the vascular 
uerve branches are provided with small groups of 
ganglion cells. 

160. In striped mnscle of man and mammals, 

reptiles, and insects, the termination of nerve fibres 

takes place, at-cording to the commonly accepted view 

of K^ne, in the following manner : — A medullated 

J— 1 



130 Elements of Histology. ichip. xv. 

nerve-fibre, gfnerally derived from one that has 
divided, entei's under a variable angle a striped 
muscular Rbre, tlie neurilemma becoming fused witli 
ihs sarcoiemma, and the nerve-fibre, either at the 



M 



Fig. M.-tferve-endiun in Striped HnKaUr Fibns (Uudl/ lent bj 



point of entrance or soon afl^, loses ita medullary 
sheath, 80 that only the axis cylinder, with ita axi> 
lemma, passes on, and then forms on the surface of 
the muscular substance a terminal branched structure, 
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called the endplate. Each of these consists of several 
branches, like antlers, arising by diviaion ; the twigs 
are rodlike, long, and of the form of bayonets in the 
amphibia ; in mammals they are crooked, hook-like. 
In all instances, however, the divisions ■ are unsym- 
metrioal. In many cases the nerve divisions in the 
endplate are embedded in a granular plate of proto- 
plasm containing oblong nuclei. This nncleate proto- 



plasm is identical with the substance of the sarcoglia, 
or the savcoplasma mentioned in a former page. 
Wlien the muscular fibre contracts, this endplate 
naturally assumes the shape of a pi-ominence — 
Doy^re's nerve-mount. Each muscular fibre has ait 
least one nerve endplat«, but occasionally has 
several in near proximity. An endplate is generally 
supplied by one, sometimes, however, by two, nerv&- 



'3^ 
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fibres. The contraction wave gener&lly starts from 
the endplate. But besides thU intm-muscular ter- 
mination, there is a plexus of nerve-fibres, which 
is situated outside tLe sarcolemma — *.«., inter- 
muscular ; this 
has been seen by 
Beale, K<>lliker, 
Krause, and 
others. Amdt 
considers these in- 
•• termuscular fibres 



M.^. 



« B«licnlkted Gnd^tss 



l&lj 



are supplied wittt 
special nerve end- 
ings, studied by 
Sachs, Rollett, 
Uempt, Rauber, 
n. The ineduii»t*<i^n<Tve 'Bo%i'' '^^ '*ii'i"»i^ and particularly 
Golgi, whose work 
on this subject is very minute. These terminations are 
most numerous near the muscular insertion. They 




are of the following kinds :^(a) A mediillated nerve 
fibre branches repeatedly, and the axis cylinder breaks 
up into a small plate composed of a network of fine 
primitive nen-e-fibrila (Fig. 95). (6) This network is 
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occasionally embedded in a granular-looking material, 
and thereby a similar organ as the nerve endplate in 
muscular fibres is produced (Fig. 96). (c) A medul- 
lated nerve-fibre terminates in an end-bulb (Fig. 97), 
similar to those of the conjunctiva, or of a Herbst's 
corpuscla 



CHAPTER XVI 

THE SPINAL CORD. 

162. The spinal cord is enveloped in three distinct 
membranes. The outermost one is the dura mater. 
This is composed of more or less distinct lamella of 
fibrous connective tissue with the flattened connective 
tissue cells and networks of elastic fibres. The outer 
and inner surface of the dura mater is covered with 
a layer of endothelial plates. 

163. Next to the dura mater is the arachnoid 
membrane. This also consists of bundles of fibrous 
connective tissue. The outer surface is smooth and 
covered with an endothelial membrane facing the 
space existing between it and the inner surface of the 
dura mater ; this space is the sub-dural lymph spaca 
The inner surface of the arachnoidea is a fenestrated 
membrane of trabeculse of fibrous connective tissue, 
covered on its free surface — ^.e., the one facing the 
sub-arachnoidal lymph space — with an endothelium. 

164. The innermost membrane is the pia mater. 
Its matrix is fibrous connective tissue, and it is lined 
on both surfaces with an endothelial membrane. 
Between the arachnoid and pia mater extends, from 
the fenestrated portion of the former, a spongy plexus 
of trabeculse of fibrous tissue, the surfaces of the 
ti-abeculae being covei*ed with endothelium. By this 
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spongy tissue — ^the tvh^rachnoid tissue (Key and 
Hetzius) — the sub-arachnoid space is subdivided into 
a labyrinth of areolae. On each side of the cord, 
between the anterior and posterior nerve roots, 
extends a spongy fibrous tissue^ called ligamentum 
denticuUUum, between the arachnoidea and pia. By 
it the sub-arachnoidal space is subdivided into an 
anterior and posterior division. 

165. The sub-dural and sub-arachnoidal spaces do 
not communicate with one another (Luschka, Key 
and Retzius). 

The dura mater, as well as the arachnoid, sends 
prolongations on to the nerve roots; and the sub- 
dural and sub-arachnoidal spaces are continued into 
lymphatics of the peripheral nerves. 

All three memWes contain their own system of 
blood-vessels and nerve-fibres. 

166. The cord itself (Fig. 98) consists of an outer 
or cortical part composed of medullated nerve-fibres : 
the white matter^ and an inner core of grey matter. 
On a transverse section through the cord the 
contrast of colour between the white mantle and 
the grey core is very conspicuous. The relation 
between the white and grey matter differs in diffe- 
rent parts; it gradually increases in favour of the 
former as we ascend from the lumbar to the upper 
cervical portion. The grey matter presents in every 
transverse section through the coi'd more or less the 
shape of a capital H; the projections being the 
anterior and posterior horns or comua of grey 
matter, and the cross-stroke being the grey com- 
missure. In the centre of this grey commissure 
is a cylindrical canal lined with a layer of columnar 
epithelial cells; this is the central canal; the part 
of the grey commissure in front of this canal is 
the a/nterior, the rest the posterior, grey commissure. 
The shape of the whole figure of the grey matter 
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diffei's in the different regions, and this difference 
is cliiefly brought about by the breadth and thickness 
of the grey commissure. In a section through the 
cervical region the grey cotnmisaure ia thick and 
narrow j in the dorsal region it becomes thinner and 



Fig. 98.— TraneretBe Section tbroogh the Spinal Card of a Calf. 

broader ; and in the lumbar region it is comparatively 
very thin and broad. Besides this, of course, the relative 
pro|)ortions of grey and white matter, as mentioned 
before, indicate tlie region fi-oni which the particular 
l>arl of the cord lias been obtained. lu the lower 
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cervical and lumbar regions where the nerves of the 
brachial and sacral plexus respectively join the cord, 
this latter possesses a swelling, and the grey matter 
is there increased in amount, the swelling being in 
fact due to an accumulation of grey matter, in which 
an additional number of nerve-tibres originates ; but 
the general shape of the grey matter is retained. 

167. The cornua of the grey matter are generally 
thicker near the grey commissure; they become thinned 
out into anterior and posterior edges respectively, 
which are so placed that they point towards the 
antero-lateral and postero-lateral fissures. Tiie an- 
terior horns Jire generally thicker and project less 
than the posterior, and tliei*efore the latter reach 
nearer to tlie surface than the former. 

168. The white matter is com[>osed chiefly of 
meduUated nerve fibres running a longitudinal course. 
They are arranged into columns, one anterior^ (yiie 
lateral, and one ])08terior column for each lateral 
half of the cord ; the two halves being separated- by 
the anterior and posterior median longitudinal 
fissure. The anterior median fissure is a real fissui^e 
extending in a vertical direction from the surface of 
the cord to near the anterior grey commissure. It 
contains a prolongation of the pia mater and in it 
large vascular trunks. The posterior fissure is not 
in reality a space, but is filled up by neuroglia. It 
extends as a continuous mass of neuroglia in a vertical 
direction from the posterior surface of the cord to the 
{wsterior grey commissure. The exit of the anterior 
or motor nerve roots, and the enti'ance of the posterior 
or sensitive nerve roots are indicated by the anterior 
lateral and posterior lateral fissures respectively. 
These are not real fissui*es in the same sense as the 
anterior median fissure, but correspond more to the 
posterior median fissure, being in reality filled up with 
neuroglia tissue, into which extends a continuatipn 



Chap. XVI.] 



The Spinal Cord. 



■37 



from the pia mater with large vascular trunks. TLe 
white matter between the anterior median and ante- 
rior lateral fissure is the anterior otlu inn, that between 
the anterior lateral and ix>sterior lateral fissui'e is the 
lateral column, and that between the posterior lateral 
and posterior median fissure is the posterior column. 
169. Beside the septa situated in the two lateral 




■bite jncurmil to II li> tbi.' taKicuhwot Soil i t, amatX cuit iMireet 
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fissures respectively, there are other smaller septa; 
neuroglia and prolongations of the pia mater, which 
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pass in a vertical and radiating direction into the 
white matter of the columns, and they are thus sub- 
divided into a number of smaller portions ; one 
such big septum is sometimes found corresponding to 
the middle of the circumference of one half of the 
cord. This is the median lateral fissure, and the 
lateral column is subdivided by it into an anterior 
and posterior division. 

Similarly, the anterior and^ posterior columns 
may be subdivided into a median and lateral division 
(Fig. 99). 

170. Some of these various subdivisions bear 
definite names (Turk, Charcot, Goll, Flechsig) : — 

(a) The median division of the anterior column is 
called the direct or uncrossed pyramidal fasciculus, 
being a continuation of that part of the anterior 
pyramidal tract of the medulla oblongata (see below) 
that does not decussate. 

(6) The anterior division of the lateral column is 
called the anterior root zone. 

(c) The direct cerebellar fasciculus is the super- 
ficial portion of the posterolateral column ; it is 
a direct continuation of the white matter of the 
cerebellum. 

(d) The posterior division of the lateral column 
inside the cerebellar fasciculus is called the fasciculus 
of Tiirk, or the crossed portion of the pyramidal fasci- 
culus, it being a continuation of the decussated part of 
the anterior pyramidal tract of the medulla oblongata. 

(e) The lateral division of the posterior column, 
with the exception of a small peripheral zone, is the 
cuneiform or cuneate fasciculus, or posterior root 
zone. 

This part is connected directly with the median 
bundle of the posterior nerve roots. (See below.) 

(/) The median division of the posterior column is 
called the fasciculus of GolL 
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These vavious divisions can be traced from the 
medullata oblongata into the cervical, and more or 
less into the dorsal part of the cord, but farther down 
most of them are lost as separate tracts, except the 
crossed pyramidal fftBciciilus. 

171. The ground sabstanve (Fig. 100) of both 
the white and Rrey matter — i.e., the sti-oma in 

nen'e cells, and blood- 
vessels are embedded — t ■ 
is a peculiar kind of con- 
nective tissue, wliicJi 
is called by Virehow 
■neuroglia and by Kol- 
liier supporting tissue. "'■ 
It consists of tlu-ee dif- 
ferent kinds of ele- 
ments : (a) a homoge- 
neous transpai'ent semi- 
fluid matrix, which in 
hardened sections ap- 
l«ars more or less gran- 
iilai-; {b) A network of 
vei-y delicate fAtrth—Tteiiroijlia Jibt-ih— -which arc 
tjimilnr in some respects, but not quite identical with 
elastic fibres. In the columns of the white matter 
the fibrils extend chiefly in a longitudinal direction, 
in the grey matter they extend uniformly in all 
directions, and in the sept^ between the columns they 
e)(t«nd for the most part radially. 

(c) Small branched nncleated cells intimately 
woven into the network of neuroglia fibrils. These 
cells are the newroglia cells. The greater the amount 
of neuroglia in a particular part of tlie white or 
grey matter the more numerous are these three 
elements. 

172. In both the white and grey matter the 
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neuroglia has a very unequal distribution ; but there 
are certain definite places in which there is always a 
considerable amount, a condensation, as it were, of 
neuroglia tissue. These places are : underneath the 
pia mater, i.6, on the outer surface of the white 
matter : here most of the neuroglia fibrils have a 
horizontal direction ; near the grey matter there is 
a greater amount of neuroglia between the nerve- 
fibres of the white matter than in the middle parts of 
this latter ; in the septa between the columns and 
between the divisions of columns of white matter ; at 
the exit of the anterior and the entrance of the 
posterior nerve roots. 

A considei-able accumulation of neuroglia is 
present immediately around the epithelium lining the 
central canal ; this mass is cylindrical, and is called 
the central grey nucleua of Kolliker. The epithelial 
cells lining the central canal are conical, their bases 
facing the canal, their pointed extremity being drawn 
out into a fine filament intimately interwoven with 
the network of neuroglia fibrils. In the embryo and 
young state, the free base of the epithelial cells has a 
bundle of cilia, but in the adult they are lost. 

Another considerable accumulation of neuroglia 
exists near the end of the posterior grey horns, as the 
substantia geUuinosa of Rolando. 

173. The i¥hite matter (Fig.lOl)iscomposetl, 
besides neuroglia, of medullated nerve-fibres varying 
very much in diameter, and forming the essential and 
chief part of it. They possess an axis cylinder and 
a thick medullary sheath more or less laminated, 
but are devoid of a neurilemma and its corpuscles. 
Of course, nd nodes of Ranvier are observable. In 
specimens of white matter of the posterior columns, 
where the nerve-fibres have been isolated by teasing 
or otherwise, many fine medullated fibres are met 
with which show the varicose appearance mentioned 
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in a fofmer chapter. The medullated nerve-fibres, 
or ratlier the matrix of their medullary sheath, con- 
tains neurokeratin. The nerve-flbrcB of the wliito 
matter nin chiefly 
in a longitudinal 
direction, imd they 
are separated from 
one another by the 
neuroglia. Here and 
there in the columns 
of white matter are 
seen connective tis- 
Bue septa with vea- 
Rels, by which the 
iierve - fibres j 
jfToupetl more 
less distinctly in ''"„"i^^'X>'i™m^i'JK!i<'™uhpl"ttiru''r«n 

divisions. br.ncli«lne«rngri«wllii. (Ailni.i 

174. Although 
most of tile nerve-fibres constituting the columns of 
white matter are of a longitudinal direction — f«., 
passing upwards or downwards between the grey 
matter of the coi-d on the one hsnd, and the brain and 
medulla oblongata on the other — there are nevertheless 
a good many nerve-fibres and groups of nerve-fibres 
which have an oblique or even horizontal course. 

Thus; (1) The anteriormedian fissure does not reach 
the anterior grey commissure, for between ite bottern 
and the latter there is (Ae white convniiaure. This 
consists of bundles of medullated nerve-fibres passin.!^ 
in a horizontal or slightly oblique manner between the 
grey matter of the anterior horn of one side, and the 
anterior white column of the opposite side (Fig. 98,g'), 

(2) Numerous medullated fibres are derived from 
the grey matter, and they pass in a horizontal or 
oblique direction into the white matter, especially in 
considerable numbers into that of the lateral columns. 
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HaYing entered die iHiite matter, Umj take a l<Higitii- 
dinal direction. Meet di these fibres enter the white 
matter in the 8e{>ta and aeptnla, bj which the nenre- 
fibres of the white matter of the columns are sab- 
dirided, and having passed in a horizontal direction 
in the septa and septula, some for a shorter, others 
for a longer distance, they enter the columns and 
pursue a longitudinal course. 

1 75. (3) The medullated nerve-fibres which leave 
the cord bj the anterior nerve roots are comparatively 
thick fibres, which pass out of the anteri(v portion of 
the grey matter of the anterior horns in bundles; 
they pass through the white matter in an oblique 
direction by septa, and emerge in the anterior lateral 
fissure above mentioned. 

(4) The medullated nerve-fibres entering the cord 
by the posterior nerve roots are thinner than those of 
the anterior nerve roots ; they pass into the cord by 
the posterior lateral fissure. Having entered, they 
divide into two bundles, one median and another 
IcUerdL The fibi-es of the former pass in an oblique 
direction into the white matter of the posterior 
cohimns — ^the cuneiform fasciculus {see above); — and, 
having run in these in a longitudinal direction, again 
leave them, sooner or later, and enter, in a horizontal 
or slightly oblique direction, the gcej matter of the 
posterior horns. The fibres of Uie lateral bundle, 
on the other hand, pass directly from the posterior 
nerve root into the hindmost portion of the grey 
matter of the posterior horn. The nerve-fibres of 
the posterior roots entering the grey matter divide 
repeatedly, and show very markedly the varicose 
appearance. 

176. The vef matter consists, besides the 
uniform network of neuroglia fibres and neuroglhi 
cells, of narve-fibres and of nerve-cells, or ganglion cells. 

The nerve-fibres are of three kinds — medullated 
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fibres, simple axis cylinders of various sizes, and primL 
tive nerve-fibrill». 

The medullated nerve-fibres run a more or less 
horizontal course, and they belong to different 
sources : — 

(1) Medullated nerve-fibres connected directly — 
i.e., by the axis cylinder process (see below) — tvith 
gaiiglion cells of tlis anterior horns ; they leave the 
anterior horns by the septa and septula, and they 
form the anterior nerve roots. 

(2) Medullated nerve-fibres which form the an- 
terior white commissv/re ; they are traceable from the 
anterior column of one side into the grey matter of 
the anterior horns of the opposite side, as has been 
mentioned above; some of these, at any rate, are 
distinctly and directly traceable to ganglion cells. 

(3) Medullated nerve -fibres derived indirectly 
from the median bundle of t/ie posterior nerve root — 
t.6., coming out of the cuneiform fasciculus of the 
posterior column and medullated nerve-fibres derived 
directly from the lateral bwndle of the posterior nerve- 
root. Both sets of fibres can be traced for longer or 
shorter distances in the grey matter of the posterior 
horns ; on their way they undergo numerous divisions 
into very fine medullated fibres. {See 183a.) 

(4) Medullated nerve-fibres passing from the grey 
matter into the white mailer of the lateral column. Some 
of these are nerve-fibres that pass simply through the 
grey matter of the anterior horns from an anterior 
nerve root ; others are derived directly from ganglion 
cells forming the columns of Clarke in the dorsal 
region (see below). But the majority are derived from 
that part of the grey matter intermediate between the 
anterior and posterior horns. (See 183a.) 

177. The simple axis cylinders are found very 
numerously in the grey matter of all parts; they 
are of various sizes, and run in all directions, many 
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of them, especially the larger ones, are only the drst 
part of the medullated nerve-fibres, being the axis . 
cylinder process of a ganglion cell, which process, 
after a shorter or longer course in the grey matter, 
becomes ensheathed in a medullary sheath, and 
forms one of the medullated fibres. But there are 
also numerous fine axis cylinders, which are the 
last outrunners of the nerve-fibres entering the grey 
matter by the posterior i*oots. They are seen every- 
where, isolated and running in smaller or larger 
bundles, 

178. The primitive nerve fibrillce form the greater 
part of the grey matter ; in fact the matrix of the 
grey matter of all parts is composed, besides the 
network of neuroglia fibrils, of an exceedingly fine 
and dense network of primitive fihrillce (Gerlach). 
These are the groundwork into which pass, and from 
which originate, nerve-fibres. The nerve-fibres which 
are derived from the posterior roots having entered 
the grey matter of the posterior horn undergo 
repeated divisions, and ultimately become connected 
with this network of primitive fibrillse. Numerous 
nerve-fibres take their origin in the same net- 
work, and leave the grey matter as medullated nerve- 
fibres, which pursue a longitudinal course in the 
anterior and still more in the lateral column of the 
white matter. 

179. The i^ang[lloii cells (Fig. 102) of the grey 
matter are of various sizes and shapes, the branched, 
or stellate, or multipolar shape being predominant ; 
some have a more or less spindle-shaped or bipolar 
body, but each extremity may be richly branched. 
Each has a large nucleus enclosed in a membrane, and 
in it is a reticulum with one or two nucleoli. The 
largest ganglion cells occur in the anterior horns, 
likewise in Clarke's column of the dorsal region ; the 
smallest in the posterior horns. The ganglion cells 
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are much more numerous in the anterior horn than in 
the posterior, where they are comparatively scarce. 

In the former they are all stellate or multipolar, - 
and form definite groups : (a) an anterior grouj), 






(li) a, inedian or inner group, and (c) a lateral group. 
The cells of tlie lateml group are the largest, those of 
the inner or median group are the smallest of the 
three. The lateral group of ganglion cells extends in 
tlie cervical region more or less into the wliite matter 
iif the lateral coIuuil 

K— 1 
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180, Thcoughout the ilorsal ocrd, where ihegrey 
roniniiEBure joins the pos- 
lerior grey horn, there 
exist groups of large mul- 
tipolar ganglion cells, the 
column of Clarke. 

In the posterior horns 
the gflnglion cells are few 
and far between. Most of 
, them beloni^ to the portion 
of the posterior horn ne&i* 
the posterior commissure. 

The substance of tlie 
gaivgUon cells is fibrill&ted, 
but there exists a granular 
interstitial material, which 
is especially well developed 
near the nucleus. Some- 
times smaller or larger 
masses of yellowish pig- 
ment granules are present 
in this part of the cell 
substance— i.e., neai- the 
nucleus. 

181. The fihrillated sub- 
stance of the ganglion cells 
is prolonged on to the pro- 
cesses. Tlicre aro always 
one or two that arc thicker 
than the others. At a 
Pbr.Ki3.-An tsobtwi K-itipoinr lougcr or shorter distance 
■ ^Ig^'^^'""^'^)'"'"" from the cell the ;mww«ws 
jTbe rt«.dri.i™iii.bninfh«i prr*w« braiuik dmdriticolly into 
ininwhrrir!i'i!li*M"«Bnw'i!i™i * lai-ge numl)er of fibres, 
poM.^ulJhiilrf'n'sirltkJf^MBnriS^ whicli eventually biT.ak up 
into the fine network of 
primitive fibrillce, forming the nervous groundwork of 



V^ 
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the grey matter (Fig. 103). The ganglion cells of the 
anterior horn and the cells of Clarke's column haA^e, 
in addition to these branched processes, generally one 
unbranched pale process (occasionally, but rarely, this 
is double), which takes its origin in the cell substance 
with a thin neck. This is the aods cylinder process ; 
it becomes invested sooner or later in a medullary 
sheath to form a meduUated nerve-fibre. 

182. The ganglion cells of the anterior horns and 
those forming Clarke's column are considered as motor^ 
the others as sensory ganglion cells. 

183. The white and grey matter is supplied with a 
large number of blood-vessels, the capillaries being 
more abundant and forming a more uniform network 
in the grey than in the white matter. The blood- 
vessels and the ganglion cells are ensheathed in lymph 
spaces (perivascular and pericellular spaces). 

183a. The researches of Golgi, Kam6n y Cajal, and 
Kolliker, have revealed the following new facts in the 
spinal cord of the embryo and of young mammals : — 

1. Numerous medullated nerve-fibres, on entering 
the white substance of the cord by the posterior roots, 
divide into an ascending and descending branch, both 
of which pursue their course in the posterior columns 
and close to the surface of the substantia gelatinosa. 

2. All sensory medullated fibres, on their longi- 
tudinal course in the white columns, give off horizontal 
branches, collaterals, which, having entered the grey 
matter, terminate either in the substantia gelatinosa, 
or, passing this in bundles, end in the grey matter of 
the posterior and anterior horns. 

3. Numerous medullated nerve-fibres, constituting 
the lateral and anterior columns of white matter, give 
also oflf collaterals, which, having entered the grey 
matter, terminate in the anterior and posterior horns. 

4. All collaterals divide and terminate with nume- 
rous dendritically-branched, fine, varicose fibrils, each 
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termination of one collateral closely investing one 
ganglion cell both of the posterior and anterior horns. 



CHAPTER XVII 

THE MEDULLA OBLONGATA OR BULB. 

184. As the cervical portion of the cord passes 
into the medulla oblongata, its parts alter position, 
arrangement, and name in the following manner : — 

(a) The anterior median fissure is continued as 
far as the medulla extends. The posterior fissure of 
the cord is also continued on the medulla ; but in the 
upper portion is lost, because the central canal, which 
in the cord is situated in about the middle, shifts in 
the medulla towards the posterior surface, and soon 
altogether opens into the foui-th ventricle. 

185. (6) The ti-acts of white matter bordering the 
anteiior median lissure of the medulla, and separated 
from the other tracts by a distinct fissure on the sur- 
face, are the ^>yramic^Z tracts. As mentioned already, 
the median portion of the anterior columns of white 
matter of the cord — i.e., the uncrossed or direct ante- 
rior fasciculus^-is a direct prolongation of the {lyra- 
midal tract, and can be followed in this upwards into 
the pyramids — i.e., the oblong prominences in the 
upper part of the medulla next to the anterior median 
fissure — and thence to the pons Varolii and farther 
into the crus cerebri. A major portion of the 
pyramidal tract crosses in the lower portion of the 
medulla, in the anterior median fissure ; this forms 
ih^i pyramidal decussation (Fig. 104). These crossed 
bundles enter the postero-lateral column of the cord, 
that part of it which has been mentioned above as 
the fasciculus of Turk. The crossed portion of the 



Chap. XVII.] Th^ Medulla Obloncata. 149 

pyrami(l;il tract jiasies into the pyr^mida and farther 
on into the pons Varolii and cms cerebri. 

186. The greatiT portion of the wuterior column . 



of white matter of the cord is situated deeper in the 
medulla than the pyramidal tracts. 

(c) The lateral column of white matter of the 
cord can be traced into the medulla as the lateral 
tract. In the upper part of the medulla it becomes 
hidden from view by the olivary bodies and the 
transversely arranged white tracts. The lateral tract 
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of the medulla comprises all pai-ts of the lateral 
column of the cord including that portion which was 
mentioned as the anterior root-zone and the direct 
cerebellar fasciculus, but not that posterior division 
of it which was mentioned previously as the fasciculus 
of Tiirk, or the crossed pyramidal fasciculus. 

(d) The posterior column of the white matter of the 
cord is continuous with the same column of the medulla. 
That portion of it which lies next to the posterior 
median fissure, and which is called in the cord the 
fasciculus of Goll, is in the medulla called \h\A fa»cicuhM 
(or funiculus) gracilis. In the upper part of the 
medulla, as the central canal opens into the fourth 
ventricle, the fasciculus gracilis turns obliquely out- 
wards, and forms the lateral boundary of the ventricla 

1 87. (a) The lateral part of the posterior column of the 
cord, which was mentioned as the fasciculus cuneatus, is 
prolonged into the medulla under the same name. But 
between the two — i.e., the fasciculus gracilis and fasci- 
culus cuneatus — there exists another tract, which is 
called by Schwalbe funiculus of Eolando, In the 
upper part of the medulla the fasciculus cuneatus 
becomes covered by transverse bundles of medullateJ 
nerve-fibres; these pass from the anterior median 
fissure across the surface of the pyramids and olivary 
body in a transverse direction towards the posterior 
fissure, but before reaching this take an upward 
direction. These bundles are the external a/rcuate 
fibres. In tlie upper part of the medulla the ex- 
ternal arcuate fibres, part of the funiculus cuneatus 
and funiculus of Rolando, as well as the direct cere- 
bellar fasciculus of the lateral column, all join to form 
a prominent tract of white matter — the corpus resti- 
forme — which enters the white matter of the cerebellar 
hemisphere on the same side ; this is the pedunculus 
cerehelli ad meduUam ohloiigatam^ or the lower cere- 
l)ellar peduncle. 
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188. (y') In the region of the pyramidal decussation 
— ».6., the lower part of the medulla immediately fol- 
lowing the cervical portion of the cord — the grey 
matter of the cord is changed in its disposition by 
the fascicuhis of Tiirk or the crossed pyramidal 
fasciculus passing en masse from the lateral column 
of white matter through the anterior horns of the 
grey matter. Hereby the anterior portion of the 
grey matter of the cord is sliut off from the rest of 
the grey matter, and is found lying near the surface of 
the lateral column of the lower portion of the medulla 
as the lateral nucleus of grey matter (Fig. 104). The 
main part of the anterior horn, however, is repre- 
sented by the reticular formation of grey matter. 
This contains in its lateral portion, at any rate, the 
same large multipolar motor ganglion cells with axis 
cylinder processes and ground-network as the anterior 
horn of the cord ; but in addition there are the 
numerous bundles of meduUated nerve- fibres passing 
through it in transvei-se, oblique, and longitudinal 
directions. Some of these fibres belong to the con- 
tinuation of the anterior columns of white matter 
of the cord, others join the fasciculus gracilis and 
cuneatus, and a third kint! pass out from the middle 
line of the medulla. 

189. (g) The grey matter of the posterior horns of 
the cord undergoes a change of disposition when passing 
into the medulla. Its hindmost portion is gradually 
shifted outwards by the development of the reticular 
formation of grey matter, and in about the middle of 
the medulla it is found lying near the surface of the 
lateral column as the tubercle of Rolando. The rest 
of the posterior horn remains at first collected around 
the central canal; but as this gradually approaches 
the posterior fissure, in order to open as the fourth 
ventricle above, the grey matter graduall}'^ expands 
laterally into the funicidus gracilis ai\d cuneatus q! 
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the white matter, and forms a distinct accumulation 
of grey matter in each of these funiculi ; they ai-e 
respectively the nucleus gracilis and the nucleus 
cuneatus. The former is the grey matter, in the 
axis cylinder process of whose ganglion cells the nerve- 
fibres of the funiculus gi'acilis originate ; but in the 
latter only a portion of tlie nerve-fibres of the funi- 
culus cuneatus take their origin ; since another part 
of it joins the restiform body, and so passes into the 
cerebellum. 

190. In the upper part of the medulla, t.e., in the 
region of the fourth ventricle, the grey matter foims a 
continuous mass, the Jloor of tJie fourth ventricle (Fig. 
105). In this region there is a distinct median septum, 
by which the medulla is divided into two halves ; this 
is the rapfie. It consists of a thin membrane of nerve 
substance extending from the anterior longitudinal 
fissure to near the middle line of the floor of the fourth 
ventricle. This membrane consists of white matter 
in the shape of bundles of medullated nerve-fibres 
passing longitudinally, transversely, and obliquely j 
and of small masses of grey matter interspersed 
between the nerve-bundles, and especially at the sido 
of the raphe, where nerve-fibre bundles pass out ol 
it. The grey matter contains multi|>olar ganglion 
cells. 

191. In a transverse section through the upper 
pait of the medulla, we find at the side of the 
pyramid, and a little behind it, but covered on the 
outer surface by white matter — t.e., the bundles of 
nerve-fibres constituting the fibrae arcuatse extemse — 
a plicated lamina of grey matter which constitutes the 
olivary nucleus, or nucleus dentatus of the olivary 
body. It extends with its posterior portion into the 
i-eticular formation. Continuous with the olivary 
nucleus, but situated nearer the raphe, is a small 
lamina of similar grey matter ; this is the accessory 
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tta^Cyiug power ; 

olivary nucleus. In both nuclei are found n 
multii>olar ganglion cells, each with an axis cylinder 
process. 

192. The grey mnltcr nt th« flour of the 
fourlh ventricle is that from wliich the nerve roots 
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of the cerebral nerves (facial auditory, glossopharyn- 
geal, pneiimogastric, accessory, and hypoglossal) origi- 
nate. The ganglion cells in it are of various sizes, and 
are aggregated into groups which form the ^^nticlei" 
of origin of the above nerves. The thin layer of 
grey matter forming the floor of the ventricle, in the 
strict sense, i^ neuroglia only, a continuation of the 
central grey nucleus of the cord. 

The nerve cells in the hypoglossal nucleus are 
the largest ; they are as large as the large cells 
of the anterior horns of the cord. The cells of 
the glossopharyngeal nerv^es are much smaller. The 
motor nerve-tibres {e,g., those of the hypoglossal 
and pneumogastric) originate, as the axis cylinder 
process of the multipolar ganglion cells, in exactly 
the same manner as was mentioned in the cord, but 
the sensory nerve fibres of these nerves originate 
from the network, into which the processes of the 
ganglion cells of these nuclei break up. 

193. In the lower part of the medulla, as long as 
there is still a closed central canal, we find next to 
this the last outrunners of the groups of ganglion 
cells which form the nuclei of the spinal accessory 
and hypoglossal nerves. 

As we pass upwards, and as the central canal 
opens into the fourth ventricle, the groups of ganglion 
cells below the floor of the ventricle are so arranged 
that we find near the median line the group repre- 
senting the hypoglossal nucleus; then, farther 
outwards, several groups representing several sub- 
divisions of the pneumogastric nucleus; still farther 
upwards, but more in the anterior part of the 
medulla, the nucleus of the glossopharyngeal nerve ; 
and, lastly, more outwards and upwards, several 
divisions of the nucleus of the auditory nerve. 
The nerve fibres, originating in these nuclei, pass 
in bundles through the substance of the medull:« 
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obloiigatxi, so as to appear on the antero-lateral 
surface. Of course those nerve.s, the nuclei of 
which are situated nearer to the middle line — e.g,^ 
<lie hypoglossal and spinal accessory — have to pass 
through the reticular formation, whereas those whose 
nuclei are situated mo!*e laterally pass only through 
the lateral part of the niedullx 



CHAPTER XVITI. 

THE CEREBRUM AND CEREBELLUM. 

194. The structure of the dura mater, amchnoidea, 
and pia mater of the brain is similar to that of the 
same membranes of the cord. 

As has been shown by Boehm, Key and Retzius, 
and others, the deeper part of the dura contains 
peculiar ampullated dilatations connected with the 
capillary blood-vessels, and forming in fact the roots 
of the veins. 

The glandulcB Facchioni, or arachnoidal villi of 
Luschka, are composed of a spongy connective tissue, 
prolonged from the sub-arachnoidal tissue and covered 
with the arachnoidal membrane. These prolongations 
are pear-shaped or spindle-shaped, with a thin stalk. 
They are pushed through holes of the inner part of 
the dura mater into the venous sinuses of this latter, 
but are covered with endothelium. Injected material 
passes from the sub-arachnoidal spaces through these 
stalks into the villi. The spaces of their spongy 
substance become thereby filled and enlarged, and 
finally the injection matter entera the venous sinus 
itself. The pia cerebralis is very rich in blood-vessels, 
like that of the cord, which pass to and from the 
brain substance. The capillaries of the f)ia mater 
possess an outer endothelial sheath. The plexus 
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choroideus is covered with a layer of polyhedral 
epithelial cells, which are ciliated in the embryo and 
in the young subject. 

195. As was mentioned of the cord, so also in the 
brain the sub-dural lymph space does not commu- 
nicate with the sub-arachnoidal spaces or with the 
ventricles (Luschka, Key and Retzius). Nor does 
there exist a communication between the sub- 
arachnoidal space and a space described by His to 
exist between pia mater and brain surface, but 
doubted by others. The relations between the cere- 
bral nerves and the membranes of the brain, and 
the lymph-spaces of both, are the same as those 
previously described in the case of the cord and the 
spinal nerves. 

196. The pia mater passes with the larger blood- 
vessels into the brain substance by the sulci of the 
cerebrum and cerebellum. 

In the white and grey matter of the brain we find 
the same kind of supporting tissue that we described 
in the cord as neuroglia. In the brain also it is 
composed of a homogeneous matrix, of a network of 
neuroglia fibrils^ and of branched, flattened neuroglia 
cells, called Deiters' cells. 

In the white matter of the brain the neuroglia 
contains between the bundles of the nerve-fibres 
rows of small nucleated cells ; these form special ac- 
cumulations in the bulbi olfactorii, and in the cere- 
bellum. Lymj)h corpuscles may be met with in the 
neuroglia, especially around the blood-vessels and 
ganglion cells. 

All the ventricles, including the aqueductus Sylvii, 
are lined with a layer of neuroglia, being a direct 
continuation of the one lining the fourth ventricle, 
and this again being a direct continuation of the 
central grey nucleus of the cord. Like the central 
canal of the cord, also, the ventricles are lined 
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with a layer of ciliated columnar, or short columnar 
epithelial cells. 

197. The blood-ye3sels form a denser capillary net- 
work in the grey than in the white matter ; in the 
latter the network is pre-eminently of a longitudinal 
arrangement, f.6., parallel to the long axis of the 
bundles of the nerve fibres. In the grey coi-tex of the 
hemispheres of the cerebrum and cerebellum, many of 
the capillary blood-vessels have an arrangement ver- 
tical to the surface, but are connected with one another 
by numerous transverse branches. 

The blood-vessels of the brain are situated in 
spaces, perivcLSCular lymphnspaces, traversed by fibres 
passing between the adventitia of the vessels, and 
the neuroglia forming the boundary of the space. 
There are no separate lymphatic vessels in the grey or 
white substance. 

198. The i¥hite matter consists of medullated 
nerve fibres, which like those of the cord possess no 
neurilemma or nuclei of nerve corpuscles, and no 
constrictions of Ranvier. The nerve-fibres are of 
very various sizes, according to the locality. Divisions 
occur veiy often. When isolated the fibres show the 
varicosities mentioned in the cord. 

The g^rey matter consists, like that of the cord 
and medulla, ' besides the neuroglia, of a very fine 
network of elementary nerve-fibrils (Rindfleisch, 
Gerlach), into which pass, on the one hand, nerve- 
fibres, and, on the other, the branched processes of 
ganglion cells. 

With regard to the stiTicture of the ganglion cells 
of the brain and medulla, what has been mentioned 
of the ganglion cells of the cord holds good as to 
them. Like the former, those of the medulla and 
brain are situated in pericellular lymph-spaces (Ober- 
steiner). 

199. We now follow the above description of 
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the structure of the medulla with that of the cere- 
bellum and pons Varolii. 

1. The cerebellum is composed of laminse- 
folds, or convolutions, composed of secondary folds, 
each of which consists of a central tract of white 
matter covered with ^rey matter. The tracts of white 
matter of neighbouring convolutions of one lobe or 
division join, and thus form the principal tracts of 
white matter. 

The white matter of the cerebellar hemisphere is 
connected (a) with the medulla oblongata by the 
corpus restiforme, this forming the inferior peduncle 
of the cerebellum \ (b) with the cerebrum by the 
processus cerebelli ad cerebrum, this forming the 
superior pedunculus ; and (c) with the other cerebellar 
hemisphere by the commissure passing through the 
pons Varolii ; this is the pedunculus cerebelli ad 
pontem, or the middle pedunculus. 

200. On a vertical section through a lamina of the 
cerebellum (Fig. 107), the following layers are seen : (a) 
the pia mater covering the general surface, and pene- 
trating with the larger blood-vessels into the superficial 
substance of the lamina ; (b) a thick layer of cortical 
grey matter; (c) the layer of Purkinje's ganglion 
cells ; (d) the nuclear layer, and (e) the central white 
matter. 

201. The layer of ganglion cells of Purkinje is the 
most interesting layer ; it consists of a single row of 
large multipolar ganglion cells, each with a large 
vesicular nucleus. Each possesses also a thin axis 
cylinder process, directed towards the depth, the 
cell sending out in the opposite direction — i.e., towards 
the surface — a thick process which soon branches 
like the antlers of a deer, the processes being all very 
long-branched and pursuing a vertical course towards 
the surface; sooner or later they all break up into 
the fine nervous network of the grey cortex. The 
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longest processes reach near to the surface. The 
layer (6) above mentioned — %.e.^ the cortical grey 
matter — is in reality the terminal nerve network for 
the branched processes of the ganglion cells of Pur- 
kinje. Sankey maintains that in the human cere- 
bellum there are also small multipolar ganglion celJs 
connected with the processes of Purkinje's cells. 

202. From the researches of Golgi, Ram6n y 
Cajal, and KoUiker, we learn that many of these 
nuclei belong to two kinds of ganglion cells : — (1) 
Small cells, possessed both of axis cylinder and proto- 
plasmic branched processes ; (2) Large cells, possessed 
of richly-branched axis cylinder processes. Ram6n y 
Cajal has shown that the body of each Purkinje's 
ganglion cell is enveloped in a basket-shaped bundle 
of line fibres, derived from the axis cylinder process 
of small ganglion cells located in the deepest part of 
the cortical grey matter ; and Golgi has shown that 
the branched processes of Purkinje's ganglion cells are 
distributed not only in the cortical grey matter, as 
was generally believed, but that some of the processes 
pass with their branches into the nuclear layer. From 
all this it follows that most of the fibrils of the nuclear 
layer are really nerve-tibrillse. 

The axis cylinder process of the ganglion cell of 
Purkinje passes through the nuclear layer, and, be- 
coming invested with a medullary sheath, enters as a 
medullated nerve-fibre the central white matter, 

203. II. The pons Varolii (Fig. 108) is a pro 
longation partly of the medulla and partly of the 
cerebellum. Of the latter only white matter passes 
transversely into the anterior portion of the pons, 
and forms there the transverse bundles of nervejibres 
which give to the pons the horizontal striation. 

As we pass upwards — i.e., farther away from the 
medulla, this part of the pons — i.e., that composed of 
horizontal fibres — increases in ihickness. 
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2U4. Of the medulla there is a greater portion 
continued into tlie jwns than of the cerebellum. 
(1) Tliei-e are the pymmidal tracts ; they do not 
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lie on the surface aa in the medulla, but are hidden 
by some — the most anterior bundles — of tlie trans- 
verse tibres. The bundles of the pyramidal tract 
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pass as longitudinal fibres merely through the an- 
terior half of the pons, and enter the crura cerebri 
where they form the crusta. (2) The raphe. (3) 
The reticular formation ; but this is limited to the 
posterior part. Small masses of grey matter and 
ganglion cells are scattered everywhere between the 
transverse bundles of the nerve-fibres of this formation. 
(4) The grey matter at the floor of the fourth ven- 
tricle. This grey matter contains also on the posterior 
surface of the pons groups of multipolar ganglion 
cells. 

Near the middle line there is a group of large 
multipolar ganglion cells, each with an axis cylinder 
process. This is the nucleus for the sixth nerve, and 
of part of the seventh, the former lying more median 
than the latter. There is another nucleus of the 
seventh situated more deeply — z.e., in the reticular 
formation. More outwards we meet with the superior 
nucleus of one of the roots of the auditory nerve. 
Farther upwards we meet with the nucleus of the 
motor roots of the fifth. 

(5) In the lower part of the pons there exists also 
a continuation of the grey matter of the corpus den- 
tatum of the olivary body. 

205. The pons is connected with the cerebrum 
by the crusta of the crus cerebri, which, as men- 
tioned above, are bundles of medullated nerve-fibres, 
passing merely through the pons, but being con- 
tinuations of the anterior pyramidal tracts of the 
medulla. 

206. III. The hemispheres of the cere- 
brum* — On a vertical section each convolution shows 
a wh\Jte centre and a grey cortex. The former is com* 
posed of medullated nerve-fibres. The white matter 
of the convolutions of the cerebral hemispheres is ar- 
ranged as (a) the centrum ovale — i.e., the central mass 
of white matter from which the lamina of white matter 
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for eai:li coQvolution 
branches off, iind, (6), 
the cotntnissure of white 
matter between the two 
hemispheres, i.e., the 
corpus caliogtiin and 
anterior comiiiiagure. 
The centi-um ovale again 
consists of tracts of 
niedullated nerve-fibre, 
which connect (a) the 
convolutions of the same 
hemisphere with one 
another, and (b) such as 
pass between the con- 
volutions on the one 
hand, and the thalamus 
opticus, the ))ona, and 
medulla on the other. 
These tracts pass by the 
internal capsule (see 
below) to the thalamus 
opticus, and to the eras 
cerebri. 

The 'jrey cortex con- 
sists, accoi-ding to Mey- 
(lert, of the following 
layers(Fig. 109):— (l)a 
superficial layer of grey 
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matter (neuroglia and nerve ground network), with 

few and small ganglion cells. 
(2) A layer of small more or 
less pyramidal ganglion cells 
densely aggregated. (3) The 
formation of the cornu Am- 
monis. This is the principal 
or broadest stratum of the 
cortex ; it is composed of 
several layers of large, pyra- 
midal ganglion cells, increas- 
ing in size as a deeper layer 
is reached. 

The pyramidal cells of 
this third and of the previous 
second stratum consist of a 
pyramidal body including an 
oval vesicular nucleus (Fig. 
1 10). From the body pass out 
the following principal pro- 
cesses : — (a)t]ieprocessof the 
apex, directed towards the 
surface of the convolution; 
it ccoi be traced for 
a longer or shorter 
distance. {h) The 
lateral basilar pro- 
cesses, and finally 
the median basilar 
process. This latter 
is tine, remains un- 
branched, and is an 

Pig. 110. -A large Pyramidal Ganglion axis cylinder proceSS, 

C^teiS! ^'*^ ^"""^ ""^ *^® ^''™' ^'^'^ becoming in^ 

The procesB of the apex and the other processea vested "With a meclul- 

branch and break up into the line nerve net- lo i.\r «j1ioo-<-1i ic o narv^ 

work. The median process of the base of the ^*** J ""^ai'il ^o a iiwi ve 

pyramid remains unbranohed, and becomes fiKfA rkf -flio /^onfr^il 

an axi8 cylinder of a nerve-flbre. (Atlas.) noie OI Tine ceni^rai 
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white in&tter. The other processes, sooner or later in 
their course, branch and break up finally into the 
nerve ground network of the grey matter. (4) A thin 
stratum of small irregular branched ganglion cells, the 
granular formaiion of Meynert. (5) A last stratum 
of spindle-shaped and branched ganglion cells, ex- 
tending parallel to the surface. 

207. According to Meynert, the grey cortex of the 
posterior portion of the occipital lobe about the sulcus 
hippocampi consists of eight layers, the granular for- 
mation being the principal one. In the grey cortex of 
the comu Ammonis, on the other hand, the third 
layer is the principal layer, the fourth being wanting. 
In the claustrum (part of the wall of the Sylvian 
fissure), the spindle-shaped cells of the fourth layer 
form the principal stratum. 

208. The biilbns olfactorins contains in most 
mammals, but not in man, a small central cavity 
lined with columnar ciliated epithelial cells. The sub- 
stance of the bulb around this cavity consists of an 
upper part, which is white matter, and is a continua- 
tion of the tractus olfactorius. The lower part is 
grey matter, and contains the following layers, count- 
ing from below upwards : (1) a layer of non-medul- 
lated nerve-fibres, each with a neurilemma ; this layer 
forms farther on the olfactory nerve going to the 
olfactory organ ; (2) the stratum glomerulosum, com- 
posed of a number of glomeruli or convolutions, 
each of "which consists of an olfactory nerve-fibre, and 
in addition to it numerous small neuroglia cells ; (3) 
stratum gelatinosum of Lockhart Clarke, composed 
of a fine nerve network, and embedded in it multi- 
polar ganglion cells ; (4) a last and thickest layer of 
nuclei embedded in a network of fibrils, and similar in 
structure with the " nuclear l|.ver." 

209. lY. The mesenceplialoii.—The fourth 
ventricle above the upper part of the pons Varolii 
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closes again into a small canal (the aqueductus Sylvii) 
which having passed in front out of the region of the 
corpora qiiadrigemina opens out again as the third 
ventricle. The parts around the aqueductus Sylvii 
represent the mesencephalon (Fig. 108), developed 
from the middle brain vesicle in the embryo. They 
include the wall of the aqueductus Sylvii, the coi-pora 
quadrigemina, and the crura cerebri. 

The aqiieductua Sylvii is lined with epithelium 
and a layer of neuroglia continued from the fourth 
ventricle. The raphe of the medulla and of the pons 
are continued into the lower wall of the aqueductus. 
The lining layer of neuroglia is on its antero-inferior 
aspect surrounded by a layer of grey substance con- 
tinued from the grey substance of the floor of the fourth 
ventricle. It contains in a nerve network numerous 
multipolar ganglion cells grouped into nerve nuclei, 
connected with the third, fourth, and part of the fifth 
pair of nerves. In front of this layer is one of con- 
siderable thickness called the tegmentvrni, which is the 
dorsal or posterior portion of the crus cerebri. 

210. The corpora quadrigemina, — Each of 
the two lower lobes consists of a superficial layer of 
white matter, and a deep grey portion, containing 
multipolar ganglion cells of various sizes embedded 
in a fine nerve network. Between this and the 
grey substance of the wall of the aqueductus Sylvii 
are tracts of white matter, forming part of the Jlllet 
In each of the two upper lobes there is also a super- 
ficial layer of white matter, beneath which is a layer 
of grey matter (stratum cinereum) ; underneath this 
is the main portion (the stratum opticum) consisting 
of longitudinal tracts of nerve-fibres, between which 
are small masses of grey substance. Between this 
stratum opticum and the grey matter forming the 
wall of the aqueductus Sylvii is a layer of white 
matter, part of the Jlllel, 
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211. The eras cerebri of each side consists of an 
antero-infeiior, middle, and postero-inferior portion. 
The antero-inferior or ventral portion is the crusta, or 
pes ; the postero-inferior or doi*sal portion is the teg- 
mentum. Between the two is the substantia nigra. 
The crusta is composed of longitudinal tracts of me- 
dullated nerve-fibres passing from themargin of the pons 
Varolii to the internal capsule of the thalamencephalon, 
and farther into the white matter of the hemisphere. 

212. The tegrmcntuiii has been mentioned above 
as being situated in front of the grey matter fi>rming 
the anterior wall of the aqueductus Sylvii The 
tegmentum is a prolongation of the reticular formatjion 
of the pons Varolii and medulla (see above), i^«., small 
masses of grey substance separated by tracts of nerve- 
fibres, most of which run in a longitudinal or transverse 
direction. The longitudinal bundles include a con- 
tinuation of the white matter of the cerebellum, 
mentioned in a previous page as the superior peduncle 
of the cerebellum, or the pedunculus cerebelli ad 
cerebrum. These undergo total decussation in the 
upper part of the mesencephalon, and ultimately enter 
the thalamus opticus. 

213. The substantia nis^ra is grey matter 
situated between the two crusta and the tegmentum/; 
it has received its name from the numerous dark 
pigment granules lodged in the substance of its gan- 
glion cells Tliese are small and multipolar. 

211 V. The thalamenceplialoiR aud corpus 
striatum, — The former comprises the parts of the 
brain situated round the third ventricle, the most im- 
portant being the thalamus, the conarium or pineal 
body, the corpora albicantia, the infundibulum and 
tuber cinereum, and the pituitary body or hypophysis 
cerebri. The corpvs striatum is the ganglion of the 
cerebral hemisphere, and like it originates from the 
frontal pai-t of the first cerebral vesicle of the embryo. 
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215. The thalamnts opticus consists of a super- 
ficial layer of white, and a centre of grey matter. 
In this numerous multipolar ganglion cells are noticed. 
The white matter in the outer portion is very con- 
siderable, and of great importance from its connec- 
tions. From it radiate ti-acts of meduUated nerve- 
fibres, which join the tracts of the internal capsule on 
their way to and from the different parts of the 
cerebral hemisphere. 

The superior peduncle of the cerebellum, after its 
decussation with that of the opposite side, passes 
into the white matter of the thalamus. The trac- 
tus opticus is connected with the outer white matter 
of the posterior portion of the thalamus-T-t.e., the 
imLmrmr, 

216. The corpus striatum, as stated before, 
is considered as the ganglion of the cerebral hemi- 
sphere. It consists of the nwHeus ccmdatv^ and the 
nucUua lenticuh/ris. The former projects into the 
lateral ventricle, the latter is the outer portion of 
the corpus striatum. The nucleus lenticularis is 
separated from the nucleus caudatus and from the 
anterior portion of the thalamus opticus by tracts of 
medullated nerve-fibres, known as the internal capsule. 
On the outer surface of the nucleus lenticularis is a 
thin lamina of white matter which is the external 
capsule. This is separated from the white matter 
of the cerebral convolutions at this part — «»e., the 
island of Reil — by a thin lamina of grey matter, called 
the clau8trv/m. The nucleus caudatus and lenti- 
cularis consist of grey matter with larger and smaller 
groups of multipolar ganglion cells, permeated by 
tracts of medullated nerve-fibres, which originate in 
the grey matter. These tracts of white matter pass 
transversely and obliquely into the internal capside, 
and are to be traced on the one hand to the white 
matter of the convolutions of the cerebral hemisphere, 
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(which is, however, doubted by many observers), aiid 
on the other into the crusta of the cms cerebri. 

217. The Interual capsule is one of the most 
important masses of white matter; it contains the 
tracts of medullated nerve>fibres which pass between 
the white matter of the cerebral hemisphere and the 
cms cerebri — ^.e., the corona radiata of Reil ; further, 
it contains tracts of medullated nerve-fibres passing 
between the thalamus opticus and the white matter 
of the cerebral hemispheres ; and, finally, it contains 
tracts of nerve-fibres passing between the corpus 
striatum and the cms cerebri 

218. The pineal body, or conanum, and the 
anterior lobe of the hypophysis cerebri, are epithelial 
in stmcture and origin, and will be described in a 
future chapter. The pineal gland contains a large 
amount of calcareous matter — ^brainsand. 

The corpora cUbicantid are masses of wliite 
matter — i.e., medullated nerve-fibres; each corpus 
albicans includes a centre of grey substance. 

The infimdihuhim and titber cmereum at the floor 
of the third ventricle are composed of grey matter ; 
the latter extends between the corpora albicantia 
to the optic commissure, while the former is connected 
with the posterior or minor lobe of the hypophysia 



CHAPTER XIX. 

THE CEREBRO-SPINAL GANGLIA. 

219. The ganglia connected with the posterior 
roots of the spinal nerves, and with some of the 
roots of the cerebral nerves, Gasserian, otic, geni- 
culate, ciliary, Meckel's ganglion, the ganglia of 
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the broncJies of the a«ouRtic nerve, the aubmaxillary 
ganglion, ka. — posBeas a c&psule of fibrous connective 
tissue continuons with the epineurium of the afferent 
and efferent nerve trunks. The interior of tlie ganglion 
is subdivided into smaller or larger divisions, contain- 
ing nei-ve handles with their perineurium, or larger 
and smaller groups of ganglion 
cells. In the spinal ganglia 
these latter are generally dis- 
posed about the cortical part, 
whereas the centre of the 
ganglia is chiefly occupied by 
bundles of nerve-fibres. 

220. The ganglion cells differ 
very greatly ii\ size, some being 
as big, and bi^er, than a large 
multipolar ganglion cell of the 
anterior horn of the cord, others 
much smaller. Each cell has 
a large oval nucleus, including 
a network, with one or two 
large nucleoli Its substance 
shows a distinct fibrillation. 
Each cell of the ganglia in man 
and mammals is unipolar (Fig. 
Ill), flask or pear-shaped, and 
invested in a hyaline capmd^, 
lined with a more or less con- 
tinuous layer of mtcleated endo- 
rii. in.-A urgs and iinaii tJielial cellrplateg. The single 
*B*au«rrIj( iL'aii""*" process of the ganglion cell is 
m.^Kii^ciUM«jrt^i»viuj finely and longitudinally stri- 
&?SS5"^il£'i^Ji ''t**^' ai"^ '« a« a^»« cylinder 
(it^M*d°R."Si''''^ '""™' process. Immediately after 
leaving the cell body it is much 
oonvoluted (Betzius) ; it is then covered with a me- 
dullary Bheath, and so becomes a mednllated nerve- 
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fibre. The capsule of the ganglion cell is continued 
on the axis cylinder process, and, farther on, on the 
medullated nerve-fibre, as the neurilemma ; while the 
endothelial plates of the capsule pass into the nerve 
corpuscles lining the neurilemma, their 
number greatly diminishing (Fig. 112). 

221. In the rabbit this medullated 
nerve-fibre at its first node of Ranvier, 
which is not at a great distance from 
the ganglion cell, divides into two me- 
dullated ner^'e-fibres in the shape of a 
T; one branch is supposed by Ranvier 
to pass to the cord, the other to the 
periphery. In man, this T-shaped 
division has also been observed by 
Retzius, but it cannot be said with 
ceitainty that in rabbit or man 
every axis cylinder process shows this 
T-shaped division. Retzius observed 
this T-shaped division also in the 
Gasserian, geniculate, and vagus gan- 
glia in man. 

The ganglion cells are not unipolar 
in all cerebral ganglia ; in the ciliary 
and otic ganglia there are a good many 
ganglion cells which are multipolar. 

222. Numerous ganglia of micro- 
scopic size are to be found in the 
sub-maxillary (salivary) gland; they 
are of different sizes, and are in 
reality ganglionic enlargements of 
larger or smaller nerve-bundles. Each 
ganglion is invested in connective 
tissue continuous with the perineu- 
rium, and the ganglion cells are unipolar, and of the 
same nature as those described above, each being 
possessed of an axis cylinder process, which becomes 



Hg. 112. — An iso- 
lated Ganglion 
Cell of a Spinal 
Ganglion of 
Toad. 

The axis cylludei 
prooeaa becomei 
traauformed into a 
medullated nerve- 
fibre. The capeule 
of the imU is pro- 
longed as the ueu- 
rileiuma of the 
nerre-flbre. (Key 
and Retzius.) 
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soop connected with a nerve-fibre. At the back 
of the tongue there are similar small microscopic 



CHAPTER XX. 

THE SYMPATHETIC SYSTEM. 

223. Thk sympathetic nerve-branohes exactly ro- 
semble the corebro-spinal nerves in their connective 
tisane inveatments (epi- peri- and endo-neurium), and 



ilk the arrangement of the fibres in bundles (Fig. 
113, a). Most of the uerve-tibres in the bundles are 
noti-meduUated or Bemak's fibres (Fig. 113, b), each 
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Iieing an axis cylinder invested iu a neurilemma, with 
oblong nuclei indicative of nerve corpuscles. But there 
are some medulkted nerve-tibiea to be met with in 



Fie, 114.— A group of OaDElion Cells iatsniOFed in a bnudle of Symra- 
iheticNerTe-flbrwi bom tlie Bladder c) a Btlibie. (fluidl>ook.{ 

each bundle, at least, of the larger nerve-trunks. 
These in some cases show the meduUai^ sheath more 
or lesB discontinuouB, and with a varicose outline 



(Fig. 1 1 3, c), owing to a imifonn local accumulation of 
fluid between it and the axis cylinder. The small or 
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uicrosco|iic bundles of nerve tibres bave un endothelial 
(perineural) sheath. The small and large branuheB 
form always rich plexites. 

The ganglia in the sympathetic chain and other 
large sympathetic ganglia possess the same general 
structure as was mentioned of the cerebro-spinal 
ganglia, except that tlie ganglion cells connected 
with the sympa- 
thetic ai'e, as a rule, 
bipolar and multi- 
polar. In a mi- 
nority of these cells 
one or two processes 
are connected with 
the axis cylinder of 
a medullated nerve- 
fibre, while the other 
is or others are non- 
medulUted tibi'es. 
According to 
Gasketl these me< 
dullated fibres are 
nerve-fibres derived 
from tlin cerebro- 
spinal nervous sys- 
tem, and they pass 
to the sympathetic 
by the white por- 
tion of the rami 
communicantes. 
Thin portion is 
mode up of medul- 

lated, whUe the grey ^_ ue_ -.Bfmv,a,M» OmuUou Cell of H™. 
portion is made The nuisiioii c^ii ;> muitir^w : raciiiirocfwra- 
up of non-mednl- J^i'&',^ril.™Mu'Mi'^l.«?iTb«."{K^° 
lated fibres. The """^"""■> 
non-medullated nerve-fibres connected with processes of 
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the symiiathetic ganglion c«^lls ure fibreB {lassing fi'om 
the cells towanls the periphery (Gaskell). 

224, III connection with the mici-oseopic sym- 
pathetic nerve-brauches are microscopic ganglionic 
enlargements. They occur in some organs very 
uumei'ouBly — i.g., alimentary canal, urinary bladder 
(Fig. lU and Fig. 115), re- 
spiratory organs — and are of 
all sizes, from a few ganglion 
cellsplacedbetween, or laterally 
to, the nei-ve-fibres of a Email 
bundle, to oval, Bpherical, 
or irregularly shaped masses 
of ganglion ccIIr pliiced in the 
conrse of a lai'ge nfirve-bundle, 
or situated at the |K»int of 
anastomosis of two or more 
nerve-branches. 

The ganglion cells (Pig. 

116) are of very different 

sizes, each possessing a lai^e 

oval or spherical nucleus 

with one or two nucleoli. 

Their sliape is spherical or 

oval, flask- sha]>ed, club-shaped, 

or pear-shaped ; they possess 

eitlier one, two, or more jn'o- 

cesses, being uni-, bi-, or multi- 

IKilar. The cell is invested in a 

capsulu lined witli nucleated 

FiK. 1.7,— A Bymmthetic cells, both beiuR Continued on 

shoning tUe strBigiitipra- tlieprocesses as neunlemmaana 

. ttfiSter blil!.^ a M- n^''^^ coi;puscles respectively. 

dnllaled fibre. (Key »iid 22.J. In the IfOg (Beale, 

""'■' Arnold) and also in some few 

instances in (he mammal, the sympathetic ganglion 

cell gives off one straight as^ cylinder process, into 
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which the substance of- the ganglion cell is prolonged. 
This is entwined by a thin spiral fibre (Fig. 117), 
taking its origin by two or more rootlets from the 




Fig. 118 — Plexus of fine Sympathetic Nerve-fibres, with Ganglionic 
Enlargement^ in the Nodal JPoints. From the Plexus of Meissner 
' in the Submucous Tissue of the Intestine. 

a, Fine nerve-fibres ; &, Grroups of ganglion cells interposed between the 

nerve-fibres. 

ganglion cell substance, and circling round the 
(thicker) straight axis cylinder process. A single 
neurilemma ensheathes them both. Soon the spiral 
fibre leaves the axis cylinder process, becoming in- 
vested with a medullary sheath and its own neuri- 
lemma, thus forming a meduUated fibre, whereas the 

M— 1 
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straight axis cylinder continues its course as a non- 
roedullated nerve-fibre (Key and Retzius). 

226. The ganglia in connexion with the plexuses 
of nerve branches of the heart, the ganglia in the 
plexus of non-medullated nerve-fibres existing be- 
tween the longitudinal and circular coat of the ex- 
ternal muscular coat in the alimentary canal, known 
as the plexus myentericus of Auerbach, the ganglia in 
the plexus of nerve branches of the submucous tissue 
in the alimentary canal, known as Meissner*s plexus 
(Fig. 118), the ganglia in the nervous plexuses in the 
outer wall of the bladder, in the bronchial wall, and 
in the trachea, and lastly the ganglia in connexion 
with the nerves supplying the ciliary muscle of the 
eye, all belong to the sympathetic system. 

Ehrlich, and especially Retzius, by injection of 
methyl en blue into the vessels of the living frog, have 
shown, in connection with the spiral process, the 
existence of a network of fine fibrils surrounding the 
more centrally situated portions of the substance of 
the ganglion cell ; this network appears stained blue. 
A similar system of fibrils had been previously 
described by Beale and Arnold. 
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227. A HUMAN tooth, adult and milk-tootb, 
(Fig. 119) of (a) the enamel coverius the 
(6) the dentine _ 



surrounding the pulp 
cavity both of the crown 
and fangs, (c) the pulp 
caTity, and {d) the 
cement, or crueta petrosa. 
The cement covera 
the outside of the 
dentine of the fang or 
fangs, the enamel covers 
the dentine of the 
crown. The cement is 
covered on its outside 
\ij dense Hbrous tissue 
acting as a periosteum 
t« it, and is fixed by it 
to the inner surface of 
the bone forming the 
wall of the alveolar 
cavity. 

228. The enamel 
(Fig. 120) consists of 
thin microscopic pris- F],^ 
matic elements, the ^ 
enamel privm* placed a^g, 
closely, and extending in ^J] 
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a vertical direction from the surface to the dentine. 
When viewed in traaaverse section, the enamel prisms 
appear of an hexagonal outline, and are separated by a 
very fine interstitial cement substance. The outline of 
the en&mel prisma is not straight, but wavy, so that 
the prisms appear varicose. The prisms are abrogated 
into bundles, which are not quite parallel, but more 
or less slightly overlap one another. On a longitudinal 
section through a tooth, the appearance of alternate 



light and dark stripes in the enamel is thus produced. 
Besides this there are seen in the enamel dark hori- 
zontal curved lines, the brown parallel stripes of 
Retdua, probably due to inequalities in the density of 
the enamel prisms produced by the successive forma- 
tion of layers of the enamel. The enamel consists 
of lime-salts 1 phosphate, carbonate, and fluoride of 
calcium with corresponding magnesium salts. 

In young teeth the h-ee surface of the enamel 
is covered with a delicate cuticle (the cuticle of 
Nasmyth), a single layer of non-nucleated scales. 
In adult teeth this cuticle is wanting, having been 
rubbed oft 

229. The dentine is tlie principal part of the hard 



Hubetances of the tooth. It forma a complete invest- 
ment of the pulp cavity of the crown and fang, being 
slightly thicker in the 
former than in the latter 
region. The dentine is 
composed of (Fig. 121): , 

(1) a homogeneous ma- 
trix; this is a raHcular 
tissue of fine fibrils im- 
pregnated with lime- 
salta, aud thus renem- 
bting the matrix of bone; 

(2) long fine canals, the 
dentinal canals or tubes 
passing in a more or less 
spiral manner, and ver- 
tically from the inner 
to the outer surface of 
the dentine. These tabes 
are branched; they open 
in the pulp cavity with 
their broadest part, and 
become emaller as they 
approach the outer sur- 
face of the dentine. 
Each canal is lined with 
a delicate sheath — the 
dentinal sheath. Inside 
the tube is a fibre, the 

dentinal fibre, a solid Fig. m.-Fmm a. SecMou through 
, ,. j,L _i ■ J.- a. Caauie Tooth Of MaD, 

elastic fibre oriRinatrng ,. . . -.u , 
with its thickest part ^^litimi tStuie jw 'iS*- f ' 
at the pulp aide of the adricttr's hmusi.) 
dentine from cells lining 

the outer surface of the piUp, and called odontoblasts. 

On the outer surface of the dentine, both in the 

region of the enamel and crusta petrosa, the dentinai 
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tubes pass into a layer of intercommunicating irregular 
branched spaces, the interglofmlar spaces of Ozermak, 
or the grantUcMT layer of Furkinje. These communi- 
cate with spaces existing between the bundles of 
enamel prisms of the crown, as well as with the bone 
laminae of the crusta petrosa of the fang. The inter- 
globular spaces contain each a branched nucleated cell. 
The dentinal fibres anastomose with the processes of 
these cells. The incremental lines of Salter are lines 
more or less parallel to the surface, and are due to 
imperfectly calcified dentine — the interglobtdar sub- 
stance of Czermak, The lines of Schreger are curved 
lines parallel to the surface, and are due to the optical 
effect of simultaneous curvatures of dentinal fibres. 

230. The cement is osseous substance, being 
lamellated bone matrix with bone corpuscles. There 
are no Haversian canal& 

231. The pulp is richly supplied with blood-vessels, 
forming networks, and extending chiefly in a direction 
parallel to the long axis of the tooth. Numerous 
niedullated nerve-fibres forming plexuses are met 
with in the pulp tissue ; on the outer surface of the 
pulp they become non-niedullated fibres, and probably 
ascend in the dentinal tubes. The matrix of the pulp 
is formed by a transparent network of richly branched 
cells, similar to the network of cells forming the matrix 
of gelatinous connective tissue. 

232. On the outer surface of the pulp — 1.«., the 
one in contact with the inner surface of the dentine — 
is a layer of nucleated cells, which are elongated, more 
or less columnar. These are the odontoblasts proper 
(Fig. 122). Between them are wedged in more or less 
spindle-shaped nucleated cells, the outer or distal pro- 
cess of which passes into a dentinal fibre. The odonto- 
blasts proper are concerned in the production of the 
dentinal matrix, according to some by a continuous 
growth of the distal or outer part of the cell and a 
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petrification oE this iucrement, according to others 
by a Becretioa by the cell of the dentinal matrix. 
Waldeyer, Tomes, and others, consider the odonto- 
blasts proper concerned in the tiroduction both of the 
dentinal matrix and dentinal tibres. The odontoblaBts 



Fig. 122.— From & Section throiigli Uie Fulp, the Odontobluts, ajid 
Dentin of tha ToMh of a auinea-pig. 

proper and the spindle-shaped cells are continuous 
with the branched cells of the pulp matrix. 

233. Development of teeth.— The first, rudi- 
ment oE a tooth in the embryo appeurs as early as the 
second month. It is a solid oylindrical prolongation 



184 Elements of Histology. [Chup. xxi, 

of the stratified epithelium of the surface into the 
depth of llie embryonic mucous meuibrano. Along the 



Fig. 123.— Eorlf development ol Tooth. 

border of the jaws the epithelium appears thickened, 
and the subjacent mucous membrane forms there a 
depression — the 'primiiivi denial groove. Into this 
groove the solid cylindrical prolongation of the surface 
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epithelium takes place. This prolongation is the 
iTidiment of the ena/md organ. While continuing to 
grow towards the depth, it soon broadens at its deepest 
part, and the surrounding vascular mucous membrane 
condenses at the bottom of the prolongation as the 
rudiment of the tooth papilla. While the distal part 
of the enamel organ continues to grow towards the 
depth, it gradually embraces the tooth papilla in the 
shape of a cap — the enamel cap (Fig. 123). During 
this time the connection between the surface epithe- 
lium and the enamel cap becomes greatly thinned out 
and pushed on one side, owing to the growth of the 
enamel cap and papilla taking place chiefly to one side 
of the original dental groove. 

234. The enamel cap (Fig. 124) is composed of 
three strata — an inner, middle, and outer stratum. 
The inner stratum is a layer of beautiful columnar 
epithelial cells — the enamel ceUs ; they were origin- 
ally continuous with the deep layer or the columnar 
cells of the surface epithelium. The middle stratum 
is the thickest, and is of great transparency, owing 
to a transformation of the middle layer of the 
epithelial cells into a spongy gelatinous tissue, due to 
accumulation of fluid between the epithelial cells of 
this layer, and to a reduction of their substance to 
thin nucleated plates, apparently branched. The outer 
stratum consists of one or more layera of polyhedral 
cells, continuous on the one hand with the surface 
epithelium by the bridge of the rudiment of the enamel 
organ, and on the other with the enamel cells, 

235. The foetal tooth papilla is a vascular em- 
bryonic or gelatinous tissue ; on its outer surface a 
condensation of its cells is soon noticeable into a more 
or less continuous stratum of elongated or columnar 
cells, the odontoblasts. 

236. Both the dentine and enamel are developed 
in connection with the odontoblasts and the enamel 
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cells ; the former produce the dentine on their outer 
surface, while the latter, i.e., the enamel cells, deposit 
the enamel ou their inner surface; thus it happens 
that the enamel is in close contact with, and on the 
outside of, the dentine. The dentine and enamel are 



. -From B Section throiirh the Tooth aod Lower Jsw 
of FiBlBl Kitten. 



deposited gradually and in layers. At first they are 
soft tissues, showing a vertical differentiation corre- 
sponding to the individual cells of the enamel cells and 
odontoblasts respectively. Soon lime salts are de- 
posited in tliem, at first imperfectly, liut afterwards a 
perfect petrifaction takes place. The layer of most 
recently formed enamel and dentine is more or less 
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distinctly marked off from the more advanced layer, 
the most recently formed layer of the enamel being 
situated next to the enamel cells, that of the dentine 
noxt to the odontoblasts. The amount of enamel and 
dentine formed is always gimtest in the upper part, 
t.c, that corresponding to the future crown. The mOk 
teeth, while continuing to grow, remain buried in the 
mucous membrane of the gum, till after birth their 
proper time arrives, when by active growth and en- 
largement they break through the gum. During this 
process the enamel of the crown remains covered, t.e., 
carries with it the inner stratum of the enamel organ 
only, i.e., the enamel cells (Fig. 124, K) ; these, at the 
same time as the surface of the enamel increases, 
become much flattened, and, finally losing their nuclei, 
are converted into a layer of transparent scales, the 
Tnemhrane or cuticle of Nasmyth, 

237. Long before the milk tooth breaks through 
the gum, there appears a solid cylindrical mass of epi- 
thelial cells extending into the depth from the original 
connection between the enamel organ and the epithe- 
lium of the surface of the gum mentioned above. 
This new epithelial outgrowth represents the germ for 
the enamel organ of the permanent tooth ; but it 
remains stationary in its growth till the time arrives 
for the milk tooth to be supplanted by a permanent 
tooth. Then that rudiment undergoes exactly the 
same changes of growth as the enamel organ of the 
milk tooth did in the first period of foetal life. A 
new tooth is thus formed in the depth of the alveolar 
cavity of a milk tooth, and the growth of the former 
in size and towards the surface gradually lifts the 
latter out of its socket 

Mummery has shown that the dentin contains 
petrified fibres and trabeculse, which are direct con- 
tinuations of the pulp tissue, and are comparable to 
the fibres of Sharpey in bone. 
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238, The salivary glands, according to their 
structure and secretion, are of tie following kinds : — 

(1) Trut salivary (Fig. 125), geroits, or albiiminonfl 
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glands, such as the parotid of man and mammals, 
the sub-maxillary and orbital of tlie rabbit, the sub- 
maxillary of the guinea-pig. They secrete true, thin, 
watery saliva. 
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(2) Muetyaa glands, such as the sub-maxillary and 
orbital of tbe cat and dog (Fig. 126), the aub-liugual 
of the cat, dog, rabbit, and guinea-pig. They secrete 
thickish mucus. 

(3) Mixed salivary, or muco-saiivaTy glands, such 
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as the sub-maxillary and sub-iingual in man and 
in the ape. 

In addition to the thi-ee salivary glands — parotid, 
sub-maxillary, and aub-lingual — there are in some 
cases, as in the rabbit and the guinea-pig, two minute 
additional glands, one intimately joined to the parotid 
and the other to the sub-maxillary, and both of the 
nature of a raucous gland. These are the superior and 
inferior adimaadllary glands, 

239. The rrnmeivorb. — Each salivary gland 
ia enveloped in a fibrous connective tissue capsule, 
la connection with which are fibrous trabeculfe and 
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septa ih the interior of the gland^ by which the sub- 
stance of the latter is subdivided into lohes, these 
again into lobtUes, and these finally into the alveoli 
or acinL The duct, large vessels and nerves pass 
to and from the gland by the hilum. The con- 
nective tissue is of loose texture, contains elastic 
fibres, and, in some instances more, in othera less, 
numerous lymphoid cells. In the sub-lingual gland 
they are so numerous that they form continuous rows 
between the alveoli The connective tissue matrix 
lietween the alveoli is chiefly represented by fine 
bundles of fibrous tissue, and branched connective 
tissue corpuscles. 

240. The ducts. — Following the chief duct of 
the gland through the hilum into the interior, we see 
that it divides into several large branches, according 
to the number of lobes ; each of these takes up several 
branches, one for each lobule. Following it into the 
lobule, the branch is very minute, and is seen to take 
up several more minute tubes ; all these tubes within 
the lobule are the intralobula/r diLcta or the aaliva/ry 
ttibes of Pfliiger; the bigger ducts being the irUer- 
lobtUar, and, further, the interlobar ducts. Each of 
the latter consists of a limiting membrana propria, 
strengthened, according to the size of the duct, by 
thicker or thinner trabeculse of connective tissue. In 
the chief branches there is present in addition non- 
stnped muscular tissue. The interior of the duct is 
a cavity lined with a layer of columnar epithelial cells. 
In the largest branches there is, outside this layer and 
inside the membrana propria, a layer of small poly- 
hedral cell^ 

241. The intralobular ducts, or the salivaiy 
tubes of Pfliiger, have each a distinct lumen or cavity, 
which is lined with a single layer of columnar epithe- 
lium, and outside this is a limiting membrana propria. 
Each of the lining epithelial cells has a spherical 
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nucleus in about the middle; the outer half of the 
cell substance shows very marked longitudinal stria- 
tion, due to more or less coarse fibrillse (see Fig. 125). 
The inner half, i.e., the one bordering the lumen, is 
granular, or only very faintly striated. The outline of 
these salivary tubes is never smooth, but irregular, 
i.e., the diameter of the tube varies from plsice to 
place. 

Not in all salivary glands do the epithelial cells 
of the intralobular ducts show this coarse fibrillation 
in the outer part of their substance; e.^., it is 
not present in the sub-lingual gland of the dog or 
the guinea-pig. 

242. The ends of the branches of the salivary 
tubes are connected with the secreting parts of the 
lobule, i.e,y the acini or alveoli These always very 
conspicuously difier in structure from the salivary 
tubes. 

The last part of the duct which is in immediate con- 
nection with the alveoli is the intermediate part, this 
being interposed, as it were, between the alveoli and 
the salivary tube with fibrillated epithelium. The 
intermediate part is much narrower than the salivary 
tube, and is lined with a single layer of very flattened 
epithelial cells, each with a single oval nucleus ; the 
boundary is formed by the membrana propria, con- 
tinued from the salivary tube. The lumen of the 
intermediate part is much smaller than that of the 
salivary tube, and is generally lined with a fine hyaline 
membrane, with here and there an oblong nucleus 
in it. 

At the point of transition of the salivary tube 
into the intermediate pai*t there is generally a sudden 
diminution in size of the former, and the columnar 
cells of the salivary tube are replaced by polyhedral 
cells ; this is the neck of the intermediate part. In 
some salivaiy glands, especially in the mucous, this 
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neck is the only portion of the intermediate part 
present, 6.^., in the sub-maxillary and orbital glands of 
the dog and cat, and in the sub-lingual of the rabbit. 
In others, especially in the serous salivary glands, as 
the parotid of man and mammals, the sub-maxillary 
of the rabbit and guinea-pig, and in the mix^ 
salivary — as the sub-maxillary and sub-lingual of 
man — there exists after the neck a long inter- 
mediate part, which gives off several shorter or 
longer branches of the same kind, all ending in 
alveoli. 

243. The alveoli or acini are the essential or 
secreting portion of the gland ; they are flask-shaped, 
club-shaped, shorter or longer cylindrical tubes, more 
or less wavy, or if long, more or less convoluted; 
many of them are branched. Generally several open 
into the same intermediate part of a salivary 
tube. The acini are much larger in diameter 
than the intermediate part, and slightly larger, or 
about as large, as the intralobular ducts. But 
there is a difference in this respect between the 
acini of a serous and a mucous salivary gland ; 
in the former the acini are smaller than in the 
latter. 

The membrana propria of the intermediate duct 
is continuous with the membrana propria of the 
acinL This is a reticulated structure, being in 
reality a basket-shaped network of hyaline branched 
nucleated cells (Boll). The lumen of the acini is 
^minute in the serous, but is larger in the mucous 
glands ; it is in both glands smaller during secreilDn 
than during rest. 

244. The epithelial cells lining the acini are 
called the salivary ceUa — ^they are of different charac- 
ters in the different salivary glands, and chiefly 
determine the nature of the gland. The cells are 
separated from one another by a fluid albuminous 
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cemisnt substance. (1) In the serous or true salivary 
glands, as parotid of man and mammals, sub-maxillarj 
of rabbit and guinea-pig, the salivarj cells, form a 
single layer of shorter or longer columnar or pyra- 
midal cUbuminoiM cdl8» composed of a densely reticu- 
lated protoplasm, and containing a spherical nucleus 
in the outer part of the cell (2) In the mucous 
glands, such as the sub-lingual of the guinea-pig, or 
the admaxillary of the same animal, the cells lining 
the acini form a single layer of goblet-shaped mucous 
cellsy such as have been described in par. 25. Each 
cell consists of an inner principal part, composed of a 
transparent mucoid substance (contained in a wide- 
meshed reticulum of the protoplasm), and of an outer 
small, more opaque part, containing a compressed and 
flattened nucleus. This part is drawn out in a fine 
extremity, which, being curved in a direction parallel 
to the surface of the acinus, is imbricated on its 
neighbours. 

245. (3) In the case of the sub-maxillary and 
orbital glands of the dog, the sub-lingual of the rabbit, 
there exist, in addition to and outside of the mucous 
cells lining the acini, but within the membrana 
propria, from place to place crescentic masses, being 
the demihmes of ffeidenhain, or the crescents. 0/ 
Gicmuzzi (see Eig. 126). Each is composed of several 
polyhedral granular-looking cells, each with a spherical 
nucleus ; the cells at the margin of the crescent are of 
course thinner than those forming the middla Heiden- 
hain and his pupils, Lavdovski and others, have shown 
that, during prolonged exhausting stimulation of the 
sub-maxillary and orbital of the dog, all the lining 
cylindrical mticous cells become replaced by small 
polyhedral cellSy similar to those constituting the 
crescents, while at the same time the acini become 
smaller (Fig. 127). These observers maintain that 
this change is due to a total destruction of the mucous 

K— 1 



Elements of Histology. [Chap.xxii. 



194 



cells, and a replacement of them bj new ones, d 
by nmltipHcation from the crescent ccIIb. This is im- 
probable, since, during ordinary conditions of secre- 
tions, there is 
no disappear- 

mucous cells as 
such ; they 
change in siM, 



larger during 

secretion, and 
their contents 



into perfect 
mucus. It is 
probable that, 
on prolonged 
exhaustive 
stimulation, the 
eelto 

the small cells, 
seen by Heidenhain end his pupils. 

246. (4) The acini of the sub-lingual of the dog 
are again different in structure both from those of the 
sub-maxillary of the dog and of the sub-lingual of the 
guinea-pig, for the acini are there lined either with 
mucous ^Is or with columnar albuminous cells, or 
the two kinds of cells follow one another in t/ie same 
alveolus. 

This gland is a sort of intermediate form between 
the sub-lingual of man and the sub-maxillary of man 
and ape. These are the mixed or muco-salivary glands. 
In these the great number of acini are serous, ie., small, 
with small lumen, and lined with albuminous cells, 
whereas there are always present a few acini exactly 
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like those of a mucous gland. The two kinds of adni 
are in direct continuity 'with, one another. In some 
conditions there are only very few mucous acini to 
be met with within the lobule, so few sometimes that 
they seem to be altogether absent ; in others they are 
numerous, but even under most favourable conditions 
form only a fraction of the number of the serouB 
acinL , In the sub-lingual of man they are muoh 
more frequent, and for this reason this gland possesses 
a groat resemblance to the sub-lingual of ihe dog. 



What appear to be crescen&i in the mucous acini 
of the human gland are an oblique view of albuminous 
cells lining the acini at the transition between the 
mucous and serous part of the same gland-tube. 

247. The columnar salivary ceils lining the acini 
of the aub-maxillary of the guinea-pig in some condi- 
tions show two distinct portions, an outer homogeneous 
or slightly and longitudinally striated substance, and 
an inner, more transparent, granular-looking part, and 
in this respect the cells resemble those of the pancreas. 
(See a future chapter.) 

Langley has shown (Fig. 128) that during the 
period preparatory to secretion the cells lining the 
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acini of the serous salivary glands become enlarged 
and filled with coarse granules ; during secretion these 
granules become used up, so that the oell-substance 
grows more transparent, beginning from the outer 
part of the cell and graduaUy advancing towards the 
lumen of the acinL 

248. Blood-vessels and lymphatics. — The 
lobules are richly supplied with blood-vessela The 
arteries break up into numerous capillaries, which 
with their dense networks surround and entwine the 
acini Between the interalveolar connective tissue 
carrying the capillary blood-vessels and the membrana 
propiia of the acini exist lymph speuses surrounding 
the greater part of the circumference of the acini 
and forming an intercommunicating system of spaces. 
They open into lymphatic vessels accompanying the 
intralobular ducts, or at the margin of the lobule 
directly empty themselves into the interlobular 
lymphatics. The connective tissue between the lobes 
contains rich plexuses of lymphatics. 

249. The nerve-branches form plexuses in the 
interlobular tissue. In connection with them are 
larger or smaller gcmglia. They are very numerously 
met with in the sub-maxillary, but are absent in the 
parotid. Some ganglia are present in connection with 
the nerve-branches surroundii_g the chief duct of the 
sub-lingual gland. 

Pfiiiger maintains that the ultimate nerve-fibres 
are connected with the salivary cells of the acini in 
man and mammals, but this remains to be proved. 
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CHAPTER XXIII. 

THE MOUTH, PHARYNX, AND TONGUE. 

250. The glands. — Into the cavity of the 
mouth and pharynx open very numerous minute 
glands, which^ as regards structure and secretion, 
are either serous or mucous. The latter occur in 
the depth of the mucous membrane covering the 
lips, in the buccal mucous membrane, in that of the 
hard palate, and especially in that of ihe soft palate 
and the uvula, in the depth of the mucous membrane 
of the tonsils, at the back of the tongue, and in the 
mucous membrane of the pharynx. The serous 
glands are found in the back of the tongue, in close 
proximity to the parts containing the special organs 
for the perception of taste — the taste goblets or buds 
(see below). All the glands are very small, but 
when isolated they are perceptible to the unaided eye 
as minute whitish specks, as big as a pin's head, or 
bigger. The largest are in the lips, at the back of 
the tongue and soft palate, where there is something 
like a grouping of the alveoli around the small branches 
of the duct, so as to form little lobules. 

251. The chief duct generally opens with a narrow 
mouth on the free suiface of the oral cavity; it 
passes in a vertical or oblique direction through the 
superficial part of th^ mucous membrane. In the 
deeper, looser part (submucous tissue) it branches 
in two or more small ducts, which take up a number 
of alveoli. Of course, on the number of minute ducts 
and alveoli depends the size of the gland. 

In man, all ducts are lined with a single layer of 
columnar epithelial cells, longer in the larger than 
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in the smaller ducts; in mammals, the epithelium 
is a single layer of polyhedral cells. iNo fibrillation 
is noticeable in the epithelial cellsL At the transition 
of the terminal ducts into the acini there is occasion- 
ally a slight enlargement, called the injundibidunt; 
here the granular- 
looking epithelial 
cells of the duct 
change into the 
colunmar transparent 
mucous cells lining 
the acisL 

252. The acini 
of these glands are 
identical with those 
of the mucous glands 
described above (Fig. 
129)— e.?., the aub- 
lingual gland, as re- 
gards size, tubular 
branched nature, the 
lining epithelium, and 
lumen. 

In some instances 
(as in the soft palate 

Fig, 13B.— Part of a Lobule of a Mucous and toncuel the duct 
Qlaad in tho TongnB of Dog. ,= „„„„;„„ ;„ 

. ^ . near the opening is 

'flirertioDii! ihe^;^ lire lines ■»iiht™»iJiiiTiit lined with ciliated 
i)oijhedc«i ctLii. {iuu.) columnar epithelium. 

The stratified epithe- 
lium of the surface is generally continued a short dis- 
tance into the mouth of the duct. 

253. The serous K^ands at the root of the 
tongue (von Ebner) differ from the mucous chiefly 
in the epithelium, size, and lumen of the acini. These 
are of exactly the same nature and structure as those 
of the serous or true salivary ghutds. 
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Saliva obtained from the mouth contains num- 
bers of epithelial scales, detached from the surface 
of the mucous membrane, groups of bacteria and 
micrococci, and lymph-corpuscles. Some of these are 
in a state of disintegration, while others are swollen 
up by the water of the saliva. In these there are 
contained numbers of granules in rapid oscillation, 
called Brownian molecular moyement. 

254. The mncoas membrane lining the cavity 
of the mouth consists of a thin membrane covered on 
its free surface with a thick stratified pavement epi- 
thelium, the most superficial cells being scales, more 
or less changed into horn. 

Underneath the epithelium is a somewhat dense 
feltwork of fibrous connective tissue, with numerous 
elastic fibrils in networks. This part is the corium or 
miMioaay and it projects into the epithelium in the 
shape of cylindrical or conical pctpiUce, 

According to the thickness of the epithelium, the 
papillsB difier in length. The longest are found where 
the epithelium is thickest^ e,g., in the mucosa of the 
lips, soft palate, and uvula. 

Numerous lymph-corpuscles are found in the 
mucosa of the palate and uvula. Sometimes they 
amount to diifuse adenoid tissue. The deeper part of 
the mucous membrane is the avhnvacosa. It is looser 
in its texture, but it also is composed of fibrous con- 
nective tissue with elastic fibrils. The glands are 
here embedded ; adipose tissue in the shape of groups 
of fat cells or continuous lobules of fat cells are here 
to be met with. The large vascular and nervous 
trunks pass to and from the submucosa. 

255. Striped muscular tissue is found in 
the submucosa. In the lips, soft palate, uvula, and 
palatine arches, it forms a very conspicuous portion, 
the sphincter orbicularis, with its outrunners into 
the mucous membrane of the lips, the muscles of 
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tlie palate, uvula (levator and tensor palati), and the 
arena palato-pharyngeus, and palato-gloBSUs. 

256. The last branches of the arierieg break up in 
a dense capillary Ttetioork on the surface of the mucosa, 



Tig. 130. (Froin > photi^raph b; Mr. A. FriDgle.) 
Section ttaroBffli tliQ tonffDcof mt. die Wood-veHaelH tojecifd. |The lowtr i*rt 
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iDenibrane wltlt large vokIb; tba upper put Bbowa Ibfi piplUs dltrDraiei, 
with thaLrcaplLLkFy bloDd-veuelB. 

and from it loops ascend into the paplllte. Of course, 

fat tissue, glands, and muscnlai- tissue receive their 
own supply. There ia a very rich pleseus of veins in 
the superficial part of the mucosa. Tbey are con- 
spicuous by their size and the thinness of their wall. 

The lymphatics form networks in all layers of the 
mucosa, including the papillae. The large efferent 
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trunks are situated in the submucosa. The last out- 
runners of the nerve branches form a plexus ofnon- 
medidlated jfibres in the superficial layer of the mucosa, 
whence numerous primitive fihriUce ascend into the 
epithelium to form networks. Meissner's tactile cor- 
puscles have been found in the papillae of the lips and 
in those of the tongue. 

257. In the pharj^x the relations remain the 
same, except in the upper or nasal part, where we 
find many places covered with columnar ciliated 
epithelium. As in the palatine tonsils^ so also here, 
the mucosa is infiltrated with diffuse adenoid tissue, 
and with lymph foUides in great numbers. This forms 
the pha/tyngeal tonsil of Luschka. 

In the palatine tonsil and in the pharyngeal tonsil 
there are numerous crypts leading from the surface 
into the depth. This is due to the folding of the in- 
filtrated mucosa. Such crypts are, in the pharynx, 
sometimes lined all through with ciliated epithelium, 
although the parts of the free surface around them 
are covered with stratified pavement epithelium. 

258. The tongue is a fold of the mucous mem- 
brane. Its bulk is made up of striped muscular tissue 
(genio-, hyo-, and stylo-glossus; according to direction : 
longitudinalis superior and inferior, and transversus 
linguae). The lower surface is covered with a delicate 
mucous membrane, identical in structure with that 
lining the rest of the oral cavity, whereas the upper 
part is covered with a membrane, of which the mucosa 
projects over the free surface as exceedingly numerous 
fine and short hair-like processes, the papillceJUi/ormeSf 
or as less numerous isolated somewhat longer and 
broader mushroom-shaped papiUce /ungiformes. The 
papillae, as well as the pits between them, are covered 
with stratified pavement epithelium. Each has numbers 
of minute secondary papillae. Their substance, like 
the mucous membrane of the tongue, is made up of 
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fibrous connectiye tissue. The mucous membi^ane is on 
the whole thiu, and is firmly and intimately connected 
with the fibrous tissue forming the septa between the 
muscular bundles of the deeper tissue. It contains 
large vascular trunks, amongst which the plexus of 
veins is very conspicuous. On the surface of the mu- 
cosa is a rich network of capillary blood-vessels, ex- 
tending as complex loops into the papillae. Lymphatics 
form rich plexuses in the mucosa and in the deep mus- 
cular tissue. Adipose tissue is common between the 
muscular bundles, especially at the back of the tongua 
259. There are two varieties of glands present in 
the tongue, the mucous and serous. The latter occur 
only at the back, and in the immediate neighbourhood 
of the taste organs; the mucous glands are chiefly 
present at the back ; but in the human tongue there 
are small mucous glands (glands of Nuhn) at the tip. 
All the glands at the back are embedded between the 
bundles of striped muscular tissue, and thus the move- 
. ments of the tongue have the efiect of squeezing out 
the secretion of the glands. About the glands 
numerous nerve bundles are found connected with 
minute ganglia. 

At the root of the tongue the mucous membrane is 
much thicker, and contains in its mucosa numerous 
lymph follicles and diffuse adenoid tissue. Thus 
numerous knob-like or fold-like prominences of the 
mucosa are produced. There are also minute pits or 
crypts leading into the depth of these prominences. 

260. The papillfle circumvallatse are large 
papillae fungiformes, each surrounded by a fold of the 
mucosa. They contain taste goblets or buds — i.e., 
the terminal taste organs. At the margin of the 
tongue, in the region of the circumvallate papillae, 
there are always a few permanent folds, which als<i 
contain taste qoblets. In some domestic animals these 
folds assume a definite organisation — 6.^., in the rabbit 
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'e is an oval or circular or^n composed of num)>ers 

rrallel and permanent folds, papilla foliata (Fig. 
The papillce fungiformes of the rest of the tongue 



also contain in. some places a taste goblet. But most 
of the taste goblets are found on the papillce eircnm' 
vallata; and foliatse. In both kinds of structures the 
taste goblets are placed in several rows close round 
the bottom of the pit, separating, in the papillie cir- 
cumvallatffi, the papillie fungiformes from the fold of 
the mucosa suiTounding it : in the papilla foliata the 
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pits are represented by grooves separatiiig the iadi- 
vidaal folds from one another. 

261. The taste goblets or taste buds are 
bairel- or flask-shaped structures (Fig. 132), extending 



tlirangh Taatw Otfua (papilla faliate). 
I Piff. 131. more nm^tfl«d| bu ilKtw the tute i 



in a vertical direction through the epitheliuoi, from the 
free surface to the mucosa. Each is covei-ed with flat- 
tened, elongated epithelial cella, forming its periphery ; 
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these are the tegmental cells. The interior of the goblet 
is made up of a bundle of spindle-shaped or staff-shaped 
UMte eeUs. Each includes aiv oval nucleus, and is 
drawn out into an outer and an inner fine extremity. 
The fonner extends to the free surface, projecting just 
through the mouth of the goblet, and resembles a fine 
hair ; the latter is generally branched, and passes to- 
wards the mucosa, where it probably becomes con- 
nected with a nerve-fibre, the mucosa of these parts 
containing rich plexuses of nerve-fibres. 

Into the pits surrounded by taste goblets open the 
ducts of the serous glands only (von Ebner). 



CHAPTER XXIV. 

THE (ESOPHAGUS AND STOMACH. 

262. I. The oesophaifus. — Beginning with the 
oesophagus, and ending with the rectum of the large 
intestine, the wall of the alimentary canal consists of 
an inner coat or mucous membrane, an outer or mus- 
cular coat, and outside this a thin fibrous coat, which, 
commencing with the cardia of the stomach, is the 
serous covering, or the visceral peritoneum. 

The epithelium lining the inner or free surface of 
the mucous membrane of the oesophagus is a thick, 
stratified, pavement epithelium. 

In Batrachia, not only the oral cavity and 
pharynx, but also the oesophagus, are lined with 
ciliated columnar epithelium. 

The mucous membrane is a fibrous connective 
tissue membrane, the superficial part of which is 
dense — the mucosa; this projects, in the shape of 
small papillae, into the epithelium. 

The deeper, looser portion of the mucous membrane 
is the suhmucosa ; in it lie small mucous glands, the 
duots of which pass in a vertical or oblique direoiioD 
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tiirough the mucosa, in order to open ou the free sur- 
face. In man, these glands are comparatively scarce ; 
in carnivorous animals (dog, cat) they form an almost 
continuous layer (Fig. 133). 

263. Between the mucosa and auhmucosa are 
longitudinal bundles of non-striped muscular tissue. 



At the beginning of the (esophagus they ore absent, 
but soon make their appearance — at £rst as small 
bundles separated from one another by masses of con- 
nective tissue ; bnt lower down, about the middle, 
they form a continuous stratum of longitudinal 
buiidles. This is the tmiseidar^ mutotCB. 
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Outside the submucosa is the muscularis externa. 
This consists of an inner thicker circular and an outer 
thinner longitudinal coat And outside this is the outer, 
or limiting, fibrous coat of the oesophagus. In man, 
the outer muscular coat consists of non-striped muscu- 
lar tissue, except at the beginning (about the upper 
third, or less) of the oesophagus, which is composed 
of the striped variety ; but in many mammals almost 
the whole of the external muscular coat, except the 
part nearest the cardia, is made up of striped fibres. 

264. The large vessels pass into the submucosa, 
whence their finer branches pass to the surface parts. 
The superficial part of the mucosa and the papillae 
contain the capillary networks. The outer muscular 
coat and the muscularis mucosae have their own 
vascular supply. 

There is a rich plexus of lymphatics in the mucosa, 
and this leads to a plexus of larger vessels in the sub- 
mucosa (Teichmann). The nerves form rich plexuses 
in the outer fibrous coat; these plexuses include 
numerous ganglia. A second plexus of non-medullated 
fibres lies between the longitudinal and circular mu£h 
cular coat ; a few ganglia are connected with this 
plexus. In the submucosa are also plexuses of non- 
medullated fibres. Now and then a small ganglion is 
connected also with this plexus. 

265. II. The stomach. — Beginning with the 
cardia, the mucous membrane of the stomach is covered 
with a single layer of beautiful thin columnar epithelial 
cells, most of which are mucus-secreting goblet cell& 
On the surface of the mucous membrane of the stomach 
open numerous fine ducts of glands, placed very closely 
side by side. These extend, more or less vertically, as 
minute tubes, into the depth of the mucous membrana 
In the pyloric end, where the mucous membrane 
presents a pale aspecb, the glands are called the pyloric 
glands; in the rest of the stomach, whose mucous 
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membrane presents a reddish or red-brown appear* 
ance, they are called the peptic glands. Owing 
to the very numerous fine ducts opening on the 
surface of the mucous membrane, the tissue of this 
latter appears on a vertical section to be made up 
of thinner or thicker folds, or villi — plicce villosflB. 
But they are not real villi. 

The part of the mucous membrane containing 
the glands is the mucosa; outside this is a loose con- 
nective tissue containing the large vessels — ^this is 
the aubmucoaa. Between the two, but belonging 
to the mucosa, is the musctdaria mucosas^ a thick 
stratum of bundles of non-striped muscular tissue, 
ari*anged in most parts of the stomach as an inner 
circular and an outer longitudinal layer. The tissue 
of the mucosa contains the gland tubes, aiTanged 
more or less in small groups. Between them is a 
delicate connective tissue, in which the minute capil- 
lary blood-vessels pass in a direction vertical to the 
suHace. Numerous small bundles of non-striped 
muscular fibres pass from the muscularis mucosae 
towards the surface — up to near the epithelium of 
the surface — forming longitudinal muscular sheaths, 
as it were, around the gland tubes. 

The plicae villosse of the superficial part of the 
mucosa contain fibrous connective tissue and numerous 
lymphoid cells. 

266. The peptic glands (Fig. 1 34) are more or less 
wavy tubes, extending down to the muscularis mucosae. 
The deep part is broader than the rest, and is more 
or less curved, seldom branched. This is the fundus of 
the gland ; near the surface of the mucosa is the 
thinnest part of the tube; this is the neck. Two 
or three neighbouring glands join and open into 
the short cylindrical diKt mentioned above. The 
duct is lined with a layer of columnar epithe- 
lial cells, continuous and identical with those of the 
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free surface of the mucous membrane. Tlie cavity of 
the duct is continued rs & very fine canal into the 
neck and into the rest of the gland tube. Next 



n^. Ul— Peptic Qbtoda. 

to the lumen ie a continuous single layer of more or 
less ti-a^nsparent, granular-looking, epithelial cells, 
each with a reticulated protoplasm aud a spherical or 
slightly oval nucleus. In tiie neck these celln are 

0—1 
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polyhedral, but farther downwardB increase to cylin- 
drical cells, and in the fundus of the gland tube Uiey 
are long columnar. This layer of cells bordering the 
lumen is the layer of ckUf , 

eefIs(Heidenhaiu.) Outside 
tbem is the limiting mem- 
brana propria of the gland 
tube. But from place to 
place, between the mem- 
brana propria and the chief 
cells, are single oval sphe- 
rical or angular large 
granular and opaque-look- 
ing cells, called the parietal 
ceKs (Heidenhain). These 
are more numerous in the 
neck than in any other 
part of the gland ; at the 
fundus they are few and 
far between, whereas at 
the neck they foim almost 
a continuous layer. Their 
protoplasm ia densely reti- 
culated. 

267. The pyloric 
Bland8 (Fig. 135).— The 

duct ot each pyloric gland Fig. laS,— FnamiVorldealSeetiiin 

is several times longer than ^^^ py'iS^EJ?™'^ 

of the peptic. The duct of Btonmoh. 

the former occupies in '■g7^„,''";^cUt.SS«'-.?tbfiit2S 

some places an much as "ij^y "^ muKnuun muusB. 

half of the thickness of the 

mucosa, whereas that of the latter does not exceed 

in the fundus of the stomach or in the cardia, more 

than one-fourth or one-fifth of the thickness. 

The epithelium lining the duct of the pyloric 
glands is the seme as in that of the peptic. Each 
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duct takes up two or three tubes by their short, 
narrow, thin neck. The main part of each gland tube 
is convoluted and slightly branched. The neck is lined 
with a layer of polyhedral cells, whereas the gland 
tube has a lining of columnar transparent cells, and 
its lumen is very conspicuous. 

After prolonged secretion the cells are smaller and 
less transparent than during secretion. Their proto- 
plasm in the former state is a denser reticulum than 
in the latter ; the transparent interstitial substance in 
the meshes of the cell reticulum is larger during the 
earlier stages of secretion. 

The cells are serous, not mucous, and the se- 
cretion of the glands cannot therefore be mucous. 
According to Ebstein the secretion is pepsin, and 
he and Heidenhain consider the pyloric glands as 
simple peptic glands. But this view is not generally 
accepted. 

Between the mucous membrane with peptic 
glands and the pyloric end of the stomach with 
pyloric glands there is a narrow intermediate zone^ 
in which the peptic glands appear by degrees to 
merge into the pyloric glands. That is to say, the 
short duct of the former gradually elongates, the gland 
tubes get shorter in proportion and convoluted, their 
lumen gradually enlarges, and the parietal cells 
become fewer and ultimately disappear. 

268. The mucosa contains isolated lymph follicles^ 
glandulse lenticulares, and in the pyloric part also 
groups of these— glandulse agmiiiatse. 

The submucosa is of very loose texture, and enables 
the mucosa to become easily folded in all directions. 

The mu8cula/r coat is very thick, and consists of 
an outer longitudinal and an inner thicker circular 
stratum of non-striped muscular tissue. Numerous 
oblique bundles are found in the inner section of the 
circular stratum. 
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The gland tubes are ensheathed in a network of 
capillary blood-vessels derived from the arteries of 
the Bubmucosa. This network forms on the surface 
a special dense horizontal layer, from which the venous 
branches are derived. The outer muscular coat and the 
muscularis mucosae possess their own vascular supply. 

269. The lymphatics form a network in the 
mucosa near the fundus of the glands. Into this 
plexus lead lymphatics which run longitudinally 
between the glands ; they anastomose with one another 
freely, and extend to near the inner surface (Lovin). 
Another plexus is found in the submucosa. 

Between the longitudinal and circular stratum of 
the outer muscular coat^ and extending parallel to the 
surface, is a plexus of non-medullated nerve-branches 
with a few ganglia in its nodes. This corresponds to the 
pleocus of Au^rbach of the intestine, and is destined 
for the outer muscular coat. A second plexus of non- 
medullated nerve-branches with ganglia also extending 
parallel to the surface lies in the submucosa. This cor- 
responds to the plexus o/Meissner of the intestine, and 
is destined for the muscularis mucosae and the mucosa. 

According to Babe, the gastric gland tubes in the 
horse are surrounded by a rich plexus of nerve-fibres, 
terminating in peculiar spindle-diaped cell& 



CHAPTER XXV. 

THE SMALL AND LARGE INTESTINI>U 

270. The epithelium covering the inner or free 
surface of the mucous membrane of the small and 
large intestine is a single layer of columnar cells, their 
protoplasm more or less distinctly longitudinally fibril- 
lated ; their free surface appears covered with a 
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L(i Longitudinal Beotion throngh basement mcm- 
t of the Small lateatina. . , , > 

ID of ibc surtMcj t non-iiriBefl brane, the Sllb- 
a'liMTnJntraSbrani^Subi™! epithelial endo- 
■Sm."' tS''iM"Mlih.'i"^''^m[* thelium of De- 
bove (see par. 39). 



As in the stomach, so also 
in the small and lai^e intes- 
tine, the mitcoaa is connected 
with the outer muscular coat 
by a loose-text ureii fibrous gwi- 
miMosa, in which lie the large 
vascular trunks, and in many 
places larger or smaller groups 
of fat cells and lymph cor- 
puscles. Between the mucosa 
and Bubmucosa, but belonging 
to the former, is a layer of 
non-striped muscular tissue, 
the mvscularis mueota. This 
is in many places composed of 
inner circular and outer longi- 
tudinal bundles, but there are 
a good many places, especially 
in the small intestine, where 
only a layer of longitudinal 
bundles can be made out. 

The tissue of the mucosa is 
similar in structure to adenoid 
tissue (Fig. 136), consisting of 
a reticulw matrix with flat- 
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tened lar^ nucleated endotheloid cells and numerous 
lymph corpuscleB. Th^se are either small lymph- 
corpuscles like leucocytes, or they are Bomewhat larger 
and filled with coarse granules — plasma-cells. The 
mucosa of the small and large intestine contains simple 
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gland tubes, the erypt^ or /oUicles of Lieberhdhn (Fig 
137) ; they are placed vertically and closely aide by side, 
extending from the free surface, where they open, to 
the muscularis mucosEc. These glands possess a large 
lumen, and are linc'd with a single layer of columnar 
epithelial cells, many of them goblet cells. 

271. In the small intestine the mucosa projecte be- 
yond the surface as numerous longer or shorter, cylin- 
drical, conical or leaf-shaped vi/K (Fig. 138). These 
are, of course, covered with the columnar epithelium 
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of the general aur&ce, and their tissue is the same as 
that of the mucosa — i.e., adenoid tissue — ^with tlie 
addition of: (a) One or two central wide chyle (lymph) 
vessels (see Fig. 140), their wall being a single layer 
of endothelial plates. (6) Along these chyle veaseU 
are longitudinal bundles of non-striped muscular tissue, 
extending from the base to the apex of the villus, 
terminating in connection with the cells of the base- 
ment membrane —i.e., the subepithelial endothelium, 
(c) A network of 
capillary blood- 
vessels extending 
over the whole of 
the villus close to 
the epithelium of 
the surface (Fig. 
139). Tills capil- 
lary network de- 
rives its blood 
from an urteiy in 
about the middle 

Fte. 139.-P™m ^ TBrti™l S«ti™ th«„gT, "i" "PI«^ PJ^* *>* 
tbe Small loteatine of Hodh! the Blood- thevlIIUB. Twove- 
Ye»«lB u« Iniected. ^^^^ ^333^,^ ^^^^^^^^ 

weinhnwn. iaiim.i ftway the blood 

from the villus. 

The Lieberkiihn's crypts open between the bases of 
the villi. 

About the base of the villi of the small intestine, 
and about the base of the plicsa villoste of the stomach 
(see a former chapter), there exist amongst the epithe- 
lium of the surface peculiar goblet-shaped groups of 
epithelial cells, which, as Watney has shown, are due 
to local multiplication of the epithelial cells. 

27 2. Lymph follicles occur singly in the submucosa, 
and extend with their inner part or summit through 
the mnscularis mucosse into the macosa to near the 
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internal free surfuce of the latter (Fig. 140). These 
are the aolitary lymph /ollwles of the small and large 
intestine ; in the latter they are larger than in t£e 
former. 

Agminated glands, or Peyer'a glands, are lai^r or 
smaller groups of lymph follicles, more or less fused 
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with one another, and situated with their main part 

in the subniucosa, but extending with their summit 
to the epithelium of the free surface of the mucosa. 
In the lower part of the ileum these Peyer's glands 
are very numerous. The epithelium covering the 
summits of these lymph follicles is invaded by, and 
more or less replaced by, the lymph corpuscles of the 
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adenoid tissue of the follicles (Watney), similar to 
what is the case in the tonsils {see par. 124). Isolated 
lymph-corpuscles are met with amongst the epithelium 
also of other parts of the intestine, 0.^., the epithelium 
covering the villL 

The outer muscular coat consists of an inner thicker 
circular and an outer thinner longitudinal stratum of 
non-striped muscular tissue. 

In ihe large intestine, in the *' ligamenta," only 
the longitudinal layer is present, and is much 
thickened. 

273. The blood-velssels form separate systems of 
capillaries for the serous coveiing, for the outer mus- 
cular coat, for the muscularis mucosse, and the richest 
of all for the mucosa with its Lieberkiihn's crypts. 
The capillary netw^ork of the villi is connected with 
that of the re^t of the mucosae. 

The chyle vessel, or vessels of the villi, commence 
with a blind extremity near the apex of the villL 
At the base the chyle vessel becomes narrower, and 
empties itself into a plexus of lymphatic vessels and 
sinuses . belonging to the mucosa, and situated be- 
tween the crypts of Lieberkiihn (Fig. 140). This 
network is the same both in the small and large 
intestine, as is also that of the lymphatics of the 
submucosa with which the former communicates. The 
lymph follicles are generally surrounded with sinuous 
vessels of this plexus. The efferent trunks of the 
submucous plexus, while passing through the outer 
muscular coat in order to reach the mesentery, take 
up the efferent vessels of the plexus of the lymphatics 
of the muscular coat 

The chyle, composed of granules and fat globules 
of different but minute sizes, passes from the inner 
free surface of the mucous membrane of the small 
intestine through the epithelium into the spaces 
of the reticulum of the villi, and from here into 
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the central chyle veaaela. The plasm a-corpuBcles 
in the reticulum of the matrix maj, and sometimes 
do, take up chjie globules ; but it is a mistake to 
ascribe to thfse lymph'Cetla any ahare in the passage 
of chyle globules fiom the epithelium into the central 
chyle vesael. 

Owing to the peripheral diaposition of the 
capillaries in the villi, and owing to the greater 



filUng with blood of the capillaries during digestion, 
the villi are thrown into a state of turgescence during 
this period, in consequence of which the central chyle 
vessels are kept distended. Ahsorption is thus 
gieatly supported. The contraction of the muscular 
tiasue of the villi and of the muscular coat of the in- 
testine greatly facilitates the absorption and dischai^e 
of the chyle. 

274. The non-medu Hated nerves form a rich 
plexus, called the plexue myenfericus of Auerbach 
(Fig. 142), with groups of ganglion, cells in the 
nodes ; this plexus lies between the longitudinal and 
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circular muscular coat. Another plexus connected 
with the former lies in the aubmucoua tissue ; this 
is the plexus 0/ Meissner, with ganglia. In both 



F%. IM— PleniB l^entoriciu of Anerbach of the Bmall Intestine 



plexuses the branches are of a very variable thickness ; 
they are groups of simple axis cylinders, held together 
by a delicate endothelial sheath. 



CHAPTER XXVI. 

THE OLANDB OF BRUNNBR, AND THE PANCRaAS. 

275. At the passage of the pyloric end of the 
Btomach into the duodenum (Fig, 143), and in the first 



I.— Tartkfil Soatioa thron^h tfa 
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part of the latter, is a continuous layer of gland tissue 
in the submucosa, composed of convoluted, more or leas 
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branched tubes grouped into lobules, and jiermeated 
by bundles of non-atriped muscular tissue, outrunners 
ol tlie muscutaris raucosie. These are tlie i/lands of 
Brtinner. Numerous thin ducts lined wiih a. single 
layer of columnar epithelial cells pass through the 
mucosa, and open with the crypts of Lieberkiihn be- 
tween the bases of the villi. The gland tubes of 
Bi-unner's glands are identical in structure with (Ae 
pyloric glands, with which they form a direct aiM- 
tomical continuity. 

276. The pancreas (Fig. 144) is in moat respects 
identical in struc- 
ture with a serous 
or true salivary 
gland. The distri- 
bution of the blood- 
vessels and lym- 
phatics, and the ar- 
rangement of the 
connective tissue so 
as to sepai-ate the 
gland tissue in lobes 
and lobules, with the 
coiTesponding inter- 
and intra - lobular 
ducts, is similar in 
both cases. The 
epithelium lining 
the latter ducts is ^'S' ^**--^Jt„?1l^^° "^"»'' ""* 

. Fiuicteoa 01 Hog. 

only faintly striated, .^^^ ^^^^^^ .mbc.) m the aiand ■ ih« imins 

not by any means '^'Ju'£rTookr"'Mt«op^3™«minuiTXM'^ 

so distinctly as in (Atiat.) 

the salivary tubes. 

The alveoli or acini are club-shaped, flask-shaped, 

shorter or longer cylinders, and convoluted. 

277. The intermediary part of the duct and its 
passage into the alveoli is the same aa in the 



222 Elements of Histology. [Chap, xxvil 

salivary glands. The cells lining the alveoli are 
columnar or pyramidal, and show an outer homo- 
geneous, or faintly and longitudinally striated zone 
(Langerhans, Heidenhain), and an inner more trans- 
parent granular-looking zone. The nucleus of the 
cell is spherical, and lies in about the middle. 
According to the state of secretion the two zones 
vary in amount, one at the expense of the other. 

The lumen of the alveoli is very minute, and 
in the beginning of the alveoli, i.6., next to the 
intermediary part of the duct, are seen spindle-shaped 
cells occupying the lumen, the ceriiiroacinoua cells of 
Langerhans. 

In the i*abbit's pancreas Kiihne and Lea have 
shown that there are peculiar accumulations of cells 
between the alveoli, which are suppUed with veritable 
glomeruli of capillary blood-vessels. 



CHAPTER XXVIL 

THB LIVER. 

278. Thb outer surface of the liver is covered with 
a delicate serozis membrane^ the peritoneum, which, 
like that of other abdominal organs, has on its free 
surface a layer of endothelium. It consists chiefly of 
fibrous connective tissue. 

At the hilum or porta hepatis this connective 
tissue is continued into the interior, where it joins 
the connective tissue of the GlissorCa capsule, or 
the interlohula/r connective tissue (connective tissue 
of the portal canals). This tissue is fibrous, and 
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more or lees l&mellated; by It the Bubstance of 
the liver ia subdivided into numerouB, more or less 
polyhedral, solid lobulfs ovacird (Fig. 145), each about 
j^gth of an inch in diameter. According to whether 
the interlobular 
tissue forms com- 
plete boundaries 
or not, the acini 
appear well de- 
fined irom one 
another (pig, ice- 
bear), or more or 
less fused (man 
and carnivorous 
animals and ro- 
dents). 

Within each 
acinus there is 
only very scanty 

connective tissue, Fi^. I-U.— Ftoid ■ Section tlirongh the Liver 

in the rfuipo of iAiS^SSi'iT "■ ■" 

extremely delicate interlobular tisane. 

bundles and flat- '■ JJ^'ttlSbK^tSii^l.. t'rih'p IS. 



aionally, especially in the young liver, lymph cells a -e 
to b(i met with in the acini and in the tissue between 

279. The vena portte having entered the hiltim 
gives off rapidly numerous branches, which follow the 
interlobular tissue in which they are situated, and 
they form rich pleanLaes around each acimis ; these are 
the interlobular veins (Fig. 146). Numerous capillary 
blood-vessels are derived from these veins. These 
capillaries pass in a radiating direction to the centre 
of tiie acinus, at the same time anastomosing with 
one another by numerous transverse branches. In the 
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centre of the 
fluent into one 1 

vein. The intralobular veins of several neighbouring 
acini join so as to form the Mcblobuiar veing, and 
these lead into the efierent veins of the liver, or 
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the hepatic veins, which finally pass into the vena 
cava inferior. 

280. Tlie substance of each acinus— i.e., the 
tissue between the capillary blood-vessels — is com- 
posed of uniform polygonal protoplasmic epithelial 
cells, of about luVgth of an inch in diameter ; these 
ai-e the liver ceUs. Owing to the peculiar, more or 
less radiating, arrangement of the ciipillaries, the liver 
cells appear to form columns or cylinders, also more 
or lesa radiating from the periphei^ towards tbe 
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centre of the acinus. They contain particles of gly- 
cogen in various amounts. According to Brunton 
and Del^pine, the amount gnxlually increases in the 
rabbit's liver att«r a meal, and reaches its maximum 
between the third and eighth hours. They also contain 
pigment granules, 
which, being derived 
from the disintegra- 
tion of htemoglobin 
in the spleen, include 
iron. Each liver 
cell shows a more or 
less fibril lated proto- 
plasm (Eupfer), and 
in the centre a spher- 
ical nucleus with one 
or more nucleoli. 
The liver cells 

_ ■ ■_ J u _ 11 Fig. M7.— Prom % Lotnle 01 tho lAita 01 
are joined byan albu- SabMt. in which Blood and Bile Vm«^ 
minous cement sub- hidbeeninJeotBd.moreliighlymagiiiflod 

, . , tliui in FJK. USl. 

stance, in which are , Biiempiimrl.'HieiiiccnilieltvcrMlHtliMe 

left fine channels ; ' V^^^y^VliSi^.'^^^x^'^m^ 
these are the bile iii«Hi-n.-ss.>ib. lAtiu.i 

la a successfully injected preparation the liver cells 
appear separated everywhere from one another by a 
bile capillary, and (/wse fvrm Jot tfte w/iote acinus a 
conliuuowi inUrcommunicatim/ network of minute 
channels. Where the liver cells are in contact with a 
capillary blood-vessel, there are no bile capillaries. 

281. At the margin of the aciuus the bile capil- 
laries are connected with the lumen of minute tubes ; 
these posBesB a membrona propria and a lumen lined 
with a single layer of transparent polyhedral epithe- 
lial cells. These are the gmall interlobular bile duels 
(Fig. 148). Their epithelial cells are in reality con- 
tiutwuB with the liver cells. Theee ducts join and 
P— 1 
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form larger interlobular bile ducts, lined with more or 
less columnar epithelium. The first part of the bile 
duct lined with polyhedral cells corresponds to the 
intermediary part of the ducts of the salivary glands. 
The interlobular bile ducts form networks in the inter- 
lobular tissue. Towards the hilum they become of 
great diameter, and their wall is made up of fibrous 
tissue, and in it bundles of non-striped muscular cells. 
Small mucus -secreting glands are in their wall, and 
open into their lumen. 

The wall of the hepatic duct, and of the gall 
bladder, • are merely exaggerations of a ' large bile 
duct. 

282. The hepatic artery follows in its ramification 
the interlobular veins. The arteiial branches form 
plexuses in the interlobular tissue, and they supply 
the capillary blood-vessels of the interlobular connect- 
ive tissue, and especially of the bile ducts. The 
capillary blood-vessels of the bile ducts join so as to 
form small veins which finally empty themselves into 
the interlobular veins. The anastomoses between the 
capillary blood - vessels, derived from the arterial 
branches, and the capillary blood-vessels of the acini, 
are insignificant (Cohnheim and Litten). The serous 
covering of the liver contains special arterial branches 
— rami capsulares. Networks of lymphatics — deep 
lyinphatics — are present in the interlobular connective 
tissue, forming plexuses around the interlobular blood- 
>essels alud bile ducts, and occasionally forming a peri- 
vascular lymphatic around a branch of the hepatic 
vein. Within the acinus, the lymphatics are repre- 

.sented only by spaces and clefts existing between 
the liver cells and capillary blood-vessels; these are 

jthe intralobular lymphatics (Macgillavry, Frey, and 
others). They anastomose at the margin of the acinus 
with the interlobular lymphatics. 

In the capsule of the liver is a special network 
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of lymphatics called the superficial lymphatics 
Numerous branches pass between this network and 
the interlobular lymphatics. 



CHAPTER XXVIII. 

THE ORGANS OF RESPIRATION. 

283. I. The larynx.— The supporting frame- 
work of the larynx is formed by cartilage. In the 
epiglottis the cartilage is elastic and reticulated, t.e., 
the cartilage plate is perforated by numerous smaller 
and larger holes. The cartilages of Santorini and 
Wvisbergii, the former attached to the top of the 
arytenoid cartilage, the latter enclosed in the aryteno- 
epiglottic fold, are also elastic. The thyroid, cricoid, 
and arytenoid cartilages are hyaline. All these are 
covered with the usual perichondrium. 

A small nodule of elastic cartilage is enclosed in 
the front pai-t of the true vocal cord. This is the 
cartilage of Luschka. 

The mucous membraue lining the cavity of the 
larynx (Fig. 148) has the following structure : — 

The internal or free surface is covered with 
ciliated stratified columnar epithelium ; the most 
superficial cells are conical cells with cilia on their 
free surface; then between the extremities of these 
cells are wedged in spindle-shaped and inverted 
conical cells. Numerous goblet cells are found 
amongst the superficial cells. The two surfaces of 
the epiglottis and the true vocal cords are covered 
with stratified pavement epithelium. 

Underneath the epithelium is a basement mem- 
brane separating the former from the mucous mem- 
brane proper. 
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284. The mucous membrane is delicate connective 
tissue with numerous lymph corpuscleB. In the pos- 
terior surface of the epiglottis, in the false vocal cords, 



and especially in the ventricle of the larynx, this 
infiltration amounts to diffuse adenoid tissue, and 
even to the localisatio:i of this as lymph follicles. 
In both sui-faces of the epiglottis, and in the true 
vocal cords, the mucosa extends into the sti-ati- 
fied pavement epithelium in the shape of minute 
liapillw. 
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In the lower part of the larynx the mucous mem- 
brane contains bundles of elastic fibres connected into 
networks, and running in a longitudinal direction. 
These elastic fibres are found chiefly in the superficial 
parts of the mucous membrane. In the true vocal 
cords the mucosa is entirely made up of elastic fibres 
extending in the direction of the vocal cords. 

285. The deeper part of the mucous membrane is 
of loose texture, and corresponds to the sub-mucosa; 
in it are embedded numerous mucoibs glands, the 
ducts of which pass through the mucosa and open on 
the free surface. The alveoli of the glands are of the 
nature of mucous alveoli, i,e,y a considerable lumen 
lined with a layer of mucous goblet cells. There are, 
however, also alveoli lined with columnar albuminous 
cells, and such as have both side by side, as is the case 
in the sub-lingual gland of the dog. The ciliated 
epithelium of the surface in some places extends also 
for a short distance into the ducts. The true vocal 
cords have no mucous glands. 

The blood-vessels terminate with the capillary net- 
work in the superficial — i.e., sub-epithelial — layer of 
the mucosa ; where there are papillae — i.e., in the 
epiglottis and true vocal cords — these receive a loop 
of capillary blood-vessels. The lymphatics form super- 
ficial networks of fine vessels, and deep submucous 
networks of large vessels. These are of enormous 
width and size in the membrane of the anteiior surface 
of the epiglottis. The finer nerves form superficial 
plexuses of non-meduUated fibres, some of which ter- 
minate, according to Luschka and Boldyrew, as end 
bulbs. Taste-buds have been found in the epithelium 
of the posterior surface of the epiglottis (Verson, 
Schofield, Davis), and also in that of the deeper parts 
of the larynx (Davis). 

286. II. The trachea. — ^The trachea is very 
airailar in structure to the lower part of the larynx, 



230 ELE.\fENTS OF IIlSTOLOGV. [Chap. XXVlll. 

fi'om wliich it differs merely in possessing the lings 
of tiynline cartilage, and in containing, in the posterior 
or membranous iwrtion, irarmveraii bundles of non- 
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slTvped mugeular tissue, extending horizont^Iy between 
the ends of the rings. Its component parts are (Fig. 
150) :— 

(a) A stratified columnar ciliated epithelium. 

(6) A basement membran& 
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(c) A mucosa, with tlie terminal networks of capil- 
lary blood-vessels, and infiltrated with adenoid tissue. 



Tig. ISO.— From aLoDgitodiaal Seotion througli theTmohea o( aChild. 






((/) A layer of longitudinal elastic fibres connected 
into networks, 

(e) A loosely textured submucous tissue, contain- 
ing tlie lai'ge vessels and nerves and small mucous 
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glands. Occasionally the gland or its duct is em- 
bedded in a lymph follicle. 

287. III. The bronchi and the lung. — 

The bronchi ramify within the lung dendritically 
into finer and finer tubes. The finest branches ai^ 
the terminal bronchi. In the bronchi we find, instead 
of rings of hyaline cartilage, as in the trachea, larger 
and smaller oblong or iirogularly shaped plates of 
hyaline cartilage distributed more or less uniformly 
in the circumference of the wall. Towards the small 
microscopic bronchi, these carti'j,ge plates gradually 
diminish in size and number. The epithelium, the 
basement membrane, the sub-epithelial mucosa, and 
the layer of longitudinal elastic fibres, remain the 
same as in the trachea. The submucous tissue con- 
tains small mucous glands. 

288. Between the sub-epithelial mucosa and the 
sub-mucosa is a continuouB layer of circular non- 
striped muscular tissue. In the smaller microscopic 
bronchi this layer is one of the most conspicuous. By 
the contraction of the circular muscular coat the 
mucosa is placed in longitudinal folds. 

The state of conti-action and distension of the 
small bronchi bears an important relation to the aspect 
of the epithelium, which appears as a single layer of 
columnar cells in the distended bronchiole, and strati- 
fied when the bronchiole is contracted. 

The distribution of the blood-vessels is the same 
as in the trachea. Lymph follicles are met with in 
the submucous tissue of the bronchial wall in animals 
and man. 

The lymphatic networks of the bronchial mucous 
membrane are very conspicuous. Those of the sub- 
mucous tissue, %.e., the peribronchial lymphatics, anas- 
tomose with those surrounding the pulmonary blood- 
vessels. 

Pigment and small particles can be easily absorbed 
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through the cement substance of the epithelium into 
the radicles of the superficial lymphatics, whence they 
pass readily into the (larger) peribronchial lymphatics. 
In connection with the nerve branches in the 
bronchial wall are minute ganglia. 

289. Each terminal bronchiole branches into 
sevei"al wider tubes called the alveolar ductSy or in- 
fundibula ; each of these branches again into several 
similar ducts. All ducts, or infundibula, are closely 
beset in their whole extent with spherical, or, being 
pressed against one another, with polygonal, vesicles — 
the ai/r-cells or alveoli — opening by a wide aperture 
into the alveolar duct or infundibulum, but not com- 
municating with each other. The infundibula are 
much wider than the terminal bronchioles, and also 
wider than the alveoli. 

290. All infundibula with their air-cells, belonging 
to one terminal bronchiole, represent a conical struc- 
ture, the apex of which is formed by the terminal 
bronchus. Such a conical mass is a lobule of the lung, 
and the whole tissue of the lung is made up of such 
lobules closely aggregated, and arranged as lobes, 
Ihe lobules are separated from one another by deli- 
cate fibrous connective tissue; this forms a continuity 
with the connective tissue accompanying the bron- 
chial tubes and large vascular trunks, and with these 
is traceable to the hilum. On the other hand, the 
interlobular connective tissue of the superficial parts 
of the lung is continuous with the fibrous tissue of 
the surface called the pleura pulmonalis. This mem- 
brane contains numerous elastic fibres, and on the 
free surface is covered with a layer of endothelium. 

In some instances (guinea-pig) the pleura pulmo- 
nalis contains bundles of non-striped muscular tissue. 

The lobes of the lung are separated from one 
another by large septa of connective tissue — the liga- 
menta pulmonia 
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291. The lenniDBl bronchi contain no cartilage 
or mucous glands in their wall. This b made up of 
three coats : f«) a delicate epithelium-:— a single layer 
of small polyhedral graiiulav- looking cells ; i}t) a 
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circular coat of non-striped muscukr tissue ; and (c) 
a iinc adventitla of elastic fibres, arranged chiefly as 
longitudinal networks. 

292. Tracing the elements constituting the wall 
of a terminal bronchiole into the infundibula and air- 
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cells (Fig. 151), we find the following changes : {a) the 
polyhedral granular-looking epithelial cells forming a 
continuous lining in the terminal bronchiole, are trace- 
able into the infundibulum only as larger or smaller 
groups; between these groups of small polyhedral 
granular-looking cells large, fiat, transj)arent, homo- 
geneous, nucleated, epithelial scales make their ap- 
pearance. The farther away from the terminal 
bronchiole, the fewer are the groups of polyhedral 
granular-looking cells. In all infundibula, however, 
the transparent scales form the chief lining. This 
becomes still more marked in the air-cells. There 
the small polyhedral granular-looking cells are trace- 
able only singly, or in groups of two or- three (Elens), 
the rest of the cavity of the air-cells being lined with 
the large transparent scales. 

In the foetal state all cells lining the infundibula 
and air-cells are of the small polyhedral granular- 
looking variety (Kiittner). With the expansion of 
the lungs during the first inspiration many of these 
cells change into the large transparent scales, in order 
to make up for the increment of surface. A lung 
expanded ad maximum shows much fewer or none of 
the small polyhedral cells ; while a lung that is col- 
lapsed shows them in groups in the infundibula, and 
isolated or in twos or threes in the alveoli. 

293. (6) The circular coat of non -striped muscular 
tissue of the terminal bronchiole passes as a con- 
tinuous circular coat — but slightly thinner — on to the 
alveolar ducts or infundibula, in their whole extent, 
but not beyond them, i.e., not on to the air-cells. 

(c) The adventitia of elastic networks is con- 
tinued on the infundibula, and thence on the air- 
cells, where it forms an essential part of the wall 
of the alveoli, b^ing its framework. 

Amongst the network of elastic fibres forming 
the wall of the alveoli is a network of branched 
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connective tissue cells, contained aa usual in similarly 
sliaped branched lacunte, which are the radicles of 
the lymphatic vessels. 

294, The blood-vessels and lymphatfcs. — 
The brandies of the pulmonary artery and veins are 
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contained within the connective tissue separating the 
lobes and lobules, whence they can he traced into 
their finer ramifications towards the itifundibula and 
air-cells Each of these latter is surrounded by a sort 
o£ basket-shaped dense network of capillary blood- 
vessels (Fig. 152). The capUlarj networks of adjacent 
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alveoli are continuous with one another, and stand in 
communication on the one hand with a branch of the 
pulmonary artery, and on the other with branches of 
the pulmonary vein. The branches of the bronchial 
artery belong to the bronchial walls, which are supplied 
by them with capDlary networks. 

The lacunae and canaliculi in the wall of the alveoli, 
mentioned above, are the rootlets of lymphatic vessels, 
which accompany the pulmonary vessels, and form a 
network around them ; these are the deep lymphatics, 
or the perivascular lymphcUica. They are connected 
also with the networks of lymphatics surrounding the 
bronchi, t.e., the peribronchial lymphatics. The root- 
lets of the superficial air-cells empty themselves into 
the sub-plev/rai pleocus of lymphatics, a rich plexus of 
large lymphatics with valves. All these lymphatics 
lead by large trunks into the bronchial lymph glands. 

295. Between the flattened transparent epithelial 
cells lining the alveoli are minute openings, stomata 
(Fig. 151), leading from the cavity of the air-cells into 
the lymph lacunae of the alveolar wall. These stomata 
are more distinct during expansion, i.e., inspiration, 
than in the collapsed state. Inspiration, by its ex- 
panding the lungs, and consequently also the lym- 
phatics, favours greatly absorption. Through these 
stomata, and also through the interstitial cement 
substance of the lining epithelium, formed particles 
— such as soot particles of a smoky atmosphere, 
pigment artificially inhaled, cellular elements, such 
as mucous or pus coipuscles, bacteria, tkc, find their 
way into the radicles of the lymphatics ; thence into 
the perivascular and sub-pleural lymphatics, and 
finally into the bronchial glands. 

The cellular elements just mentioned contain par- 
ticles of soot. They are spoken of as " dust-cells." 



CHAPTER XXIX. 

THE SPIiEGy. 



296. The capsule eiiveIoi)ing the spleen is a 
serous membrane — the i>eritoueum. It is a connective 
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tissue membrane with networlfs of elastic fibres, and 
covered ou its free sui'face with an endothelium. The 
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deep part of the caijsule contains biimdles of non-striped 
mttsctdar tisBiie forming plexuses. In man tlie liundies 
are relatively thin, but in some mammals — e.g., 
dog, pig, hoi-se — they are continuous masses arranged 
sometimes as a deep longitudinal and a superficial 
circular layer. 

In connection with the capsule are the trabecula 
(Fig. 153). These are microscoiJical, thicker or thinner 
cylindrical bands branching and anastomosing, and 
thuB making a framework in which the tissue of 
the spleen is contained. Towards the hilum the 
trabecul« are larger, and they form there a continuity 
with the connective tissue of tlie hilum. They are 
the carriers of the large vascular branches. The 
trabeculfe in the human spleen consist chiefly of 
fibrous tissue with an admixture of longitudinal non- 
striped muscular 
tissue. This is 
more pronounced 
in the dog, horse, 
pig, guinea-pig, in 
which the trabe- 
culse are chiefly 
composed of non- 
strijieJ muscular 
tissue. Following 
a small trabecula 
igh the flfte,. it ia given 
Ibffuii-; off f''o™ * larger 

sin\""i'i'*"h2'i^iV™"s,'^i»?i.'iii?''o(''ir.i'i' o"^) ■*« ^^ ^' 

™b!*(Aii£j'™ ''""'"'^ '*''""" '"'■''"" branching into 
still smtUler ones, 
wbich ultimately lose themselves amongst the elements 
of that part of the spleen tissue called spleen pulp 
(Fig. 154). 

TliP meshes of tlie network of the trabeculte are 
filled up with the parenchyma This consista of two 
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kinds of tassaes : (a) the Malpighiui corpuBcles; aud 
(6) the pulp tissue. 

297. The IHalpifl^UaM corpvscles are masses 
of adenoid tissue connected with the branches of the 
splenic artery. Following the chief arterial trunks as 
they pass in the big trabeculn towards the interior 
of the spleen, they are seen to give off numerous 
snudler branches to the spleen parenchyma ; these are 
ensheathed in masses of adenoid Hwt<6 which are 
either cylindrical or irregularlyHshaped, and in some 
places form oval or spherical enlaiqgements. These 
sheaths of adenoid tiasue are traceable to the end of 
an arterial branch ; and in the whole extent the 
adenoid tissue or Malpighian corpuscle is supplied by 
its artery with a network of capillary blood-vessels. 

298. The rest of the spleen parendiyma is made up 
of the pulp. The matrix of this is a honeycombed, 
spongy network of fibres and septa, which are the 
processes and bodies of large, flatteoied, endotheloid 
cells, each with an oval nucleus. In some, especially 
young, animals, some of these cells are huge and 
multinucleated. The spaces of the honeycombed tissue 
are of different diameters, some not larger than a blood 
corpuscle, others large enough to hold several All 
spaces form an intercommunicating system. The 
spaces contain nucleated lymph coi^uscles, more or 
less connected with and derived from the cell plates 
of the matrix. But they do not fill the spaces, so 
that some room is left, large enough to allow blood 
corpuscles to pass. 

The spaces of the honeycombed pulp matrix are in 
communication, on the one hand, with the ends of the 
capillary blood-vessels of the Malpighian corpuscles, 
and, on the other, they open into the venous radicles 
or amuses (Fig. 155), which are oblong spaces lined 
with a layer of more or less polyhedral endo&elial cells. 
These sinuses forui networks, and lead into the laige 
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venous bi-anches passing iii the l>ig trabeciilffi to the 
hilum. The venous sinuses in man and ape possess a 
special adventitia formed of circular elastic fibrils. 
Not all arterial branches are enshe»thed in 
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Malpighian corpuscles ; some few fine ai-terial branches 
open directly into the spaces of the pulp matrix, being 
invested in a peculiar reticular or concentrically ar- 
raiigod cellular tissue (not adenoid). These are the 
capillary sheaths of Schweigger Seidel 

299. The blood passes then from the artenaJ 
bmnchea through the capillaries of the Malpighian 
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corpuscles, whence it travels into the labyrinth of 
minute spaces in the honeycombed pulp matrix ; 
thence it passes into the venous sinuses, and finally 
into the venous trunks. The current of blood on its 
passage through the pulp tissue becomes, therefore, 
greatly retarded. Under these conditions numerous 
red blood-corpuscles appear to be taken up by the 
cells of the pulp, some of which contain several 
in their interior. In these corpuscles the blood-discs 
become gradually broken up, so that, finally, only 
granules and small clumps of blood-pigment are left 
in them. The presence of blood-pigment in the cor- 
puscles of the pulp is explained in this way ; and it is 
therefore said that the pulp tissue is a destroyer of 
red blood-corpuscles. 

The pulp tissue is most probably the birthplace of 
colourless blood-corpuscles ; and according to Bizzozero 
and Salvioli it is also the birthplace of red blood- 
corpuscles. 

The lymphatics form plexuses in the capsule 
(Tomsa, Kyber). These are continuous with the plexus 
of lymphatics of the trabecule ; and these again with 
the plexus of lymphatics in the adventitia of the 
arterial trunks. 

Non-niedullated nerve-fibres have been traced along 
the arterial branches. 



CHAPTER XXX. 

THE KIDNEY, URETER, AND BLADDER. 

300. A. Tbe firamework. 

The kidney possesses a thin investing capsule com- 
posed of fibrous tissue, more or less of a lamellar 
Arrangement. Bundles of fibrous tissue pass with 
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blood-vessels between the deeper part of the capsule 
and the parenchyma of the periphery. According 
to Eberth, a plexus of non-striped muscle cells is 
situated underneath the capsule. 

The ureter entering the hilum enlarges into the 
pelvis of the kidney, and with its minor recesses or 
prolongations forms the calicos. Both the pelvis and 
the calices are limited by a wall which is a direct con 
tinuation of the ureter. The internal free surface \i 
lined with stratified transitional epithelium. XJndei 
neath the epithelium is a fibrous connective tissut 
membrane (the mucosa), containing the networks ot 
capillary blood-vessels and fine nerve-fibres. Outside 
the mucosa and insensibly passing into it is the 
loose-textured submucosa, with groups of fat cells. 
There are present in the sub-mucosa bundles of 
non-striped muscular tissue, continued from the 
ureter, in the shape of longitudinal and circular 
bundles. 

In the pelvis of the kidney of the horse small 
glands (simple or branched tubes), lined with a single 
layer of columnar epithelial cells, have been observed 
by Paladino, Sertoli, and Egli The last-named 
mentions also that in the pelvis of the human kidney 
there ar^ gland-tubes similar in structure to sebaceous 
follicles. 

301. The large vascular trunks enter, or pass from 
the tissue of the ccdices into the parenchyma of the 
kidney between the cortex and modidla, and they are 
accompanied by bundles of fibrous connective tissue 
and here and there a few longitudiniil bundles of non- 
striped muscular tissue. 

In the parenchyma there is a very scanty 
fibrous connective tissue, chiefly around the Mal- 
pighian corpuscles and around the arterial vessels, 
especially in the young kidney. In the papill» there 
is relatively a great amount of fibrous tissue. On 
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the surface of the papillsB (facing the calices) there 
is a continuous layer bf fibrous tissue, and this on 
its free surface is covered with stratified transitional 
epitheliam. 

The parenchyma of the kidney consists entirely of 
the urinary tubules and the intertubular blood-vessels, 
and there is an interstitial or intertubular connective 
tissue framework in the shape of honeycombed hyaline 
membranes with flattened nucleated branched or 
spindle-shaped cells. The meshes of the honeycomb 
are the spaces for the urinary tubules and blood- 
vessels. 

302. B. The parenchymit. — 1. The urhmry 
tubules (Fig. 156). — In a transverse or longitudinal 
section through the kidney we notice the cortex^ the 
boundary layer of Ludwig and the papillary portions^ 
the last terminating in the conical j)apillce in the cavity 
of the calices. 

The boundary layer and the papillary portion 
form the medulla. A papilla with the papillary 
portion and boundary layer, continuous with it, con- 
stitute a Malpighian pyramid. The relative propor- 
tion of the thickness of the three parts is about 3*5 
cortex, 2*5 boundary layer, and 4 papillary portion. 

303. The cortex contains vast numbers of con- 
voluted tubules with their csecal origin in the Mal- 
pighian corpuscles ; this is the labyrinth separated into 
numerous divisions of equal breadth by regularly dis- 
posed straight striae originating a shoii) distance from 
the outer capsule, and radiating towards the boundary 
layer through which they pass. Each of these striss 
is a bundle of straight tubules, and represents a 
niedullai'y ray. The boundaiy layer shows a uniform 
vertical striation, in which opaque and transparent 
striae alternate with one another. The opaque striae 
are continuations of the medullary rays, the transparent 
striae are bundles of blood-vessels. 
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llie pApiUmrj portioa is nnifonnl; ami TsrticaUy 
■tiuted. 

Tracing a medollaiy raj from the boundary lay^ 
into the eottex, it is seen th&l its lH>eadth gradually 
duniniahes, and it altogether ceases at a short distance 
from the outer c^mde. A meduUaiy ray is, con- 
sequently, of a conical shape, its apex b^ng eitaated 
at Uie periphery of the cortex, its base in the 
boaodary layer. Such a pyrunid is called a pyramid 
qf Ferrein, 

304. All urinaiy tubules commraice as courolatei) 
tubules in tfie p«rt of the cortex named the 
Ubyrinth, but not in the medullary rays, with a 
cecal enlargement called a Malpighian corpttKle, and 
terminate — having previously joined vith many olJier 
tubnles into larger and larger ducts — at one of the 
many minute openings or mouths at the apex of a 
papilla. On their way the tubes seveial times alter 
their size and nature. 

From its start to its end there is a continuous 
fine nuMhrana propria forming the boundary wall 
of the urinary tubule, and this membrasa pro)iria is 
lined with a liTtgle layer of epillielial cell* differing in 
size, shape, and structure irorw place to place ; in 
the centre of the tubule is a lumett, differing in size 
according to the size of the tubule. 

305. (I) Each Malpighian corpusch {Fig. 157) 
is composed of the capsule— the capsule of Bowman — 
nnd the glrnnertUtta, or Malpighian tuft of capillary 
blood-Tessels. 
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The capmle of Bowman is a hyaline membrana 
propria, supported, as mentioned above, by a small 
.amount of connective tissue. On its inner surface 
there is a continuous layer of nucleated epithelial 
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cells, in the young state of polyhedral shape, in the 
adult state sqtiamouB. 

The glomerulus is a network of convoluted 
capillary blood-vessels, separated from one another 
by scanty connective tissue, chiefly in the shape 
of a few connective tissue corpuscles. The capil- 
laries are grouped together in two to five lobules. 
The whole surftice of the glomerulus is lined with 
a delicate membrana propria, and a continuous layer 
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of nucleated epithelial cells, polyhedral, or even 
columnar iu the young, squamous in the adult state. 
The membrana propria and epithelium dip in, of 
course, between the lobules of the glomerulus, and 
represent in reality the visceral layer of the capsule 
of the Malpighian corpuscle, the capsule of Bowman 
being the parietal layer. The glomerulus is connected 
at one pole with an afferent and efferent arterial vessel, 
the former being the larger of the two. 

Between Bowman's capsule and the glomerulus 
there is a space, the size of which differs- according 
to the state of secretion, being chiefly dependent on 
the amount of fluid present 

The Malpighian corpuscles are distributed in the 
labyrinth of the cortex only, with the exception of a 
thin peripheral layer near the outer capsiile, and a 
still thinner layer near the boundary layer. The 
Malpighian corpuscles near the boundary layer are the 
largest, those near the periphery the smallest; in 
the human kidney their mean diameter is about -^^ 
of an inch. 

306. (2) On the side opposite to that where the 
afferent and efferent arterioles join the glomerulus, 
the capsule of Bowman passes through a narrow neck 
into the cylindrical urinary tubule in such a way, 
that the membrana propria and epithelium of the 
capsule are continued as the membrana propria and 
lining epithelium of the tubule respectively, and 
the space between the capsule of Bowman and 
the glomerulus becomes the cavity or lumen of the 
urinary tubule. 

307. (3) After it has passed the neck, the urinary 
tubule becomes convoluted ; this is the proximal con- 
voluted tubule (Fig. 158). It is of considerable length 
and is situated in the labyrinth. It has a distinct 
lumen, and its epithelium is a single layer of polyhedral 
or short, columnar, angular, or club-shaped cells, each 
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(vith a spherical nucleus. These cells commence gene- 
rally at the neck, but in some animals — e.g., in the 




Fig. ISB. Ytom n \ ertical SectKUi thrDneh tlie Eidnav of Dog, ghmnng 
IHirt Hi the Labyrinth uul the adjoiuing Meduuu]' Boy. 
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mouse— they already have begun in the Malpighian 
corpuscle. The outer part of the cell protoplaBm — i.e., 
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next the membrana propria — ^is diBtinctly striated, 
owing to the presence of rod-shaped fibriLs (Heidenr 
hain) vertically arranged. The* inner part of the cell 
substance — 1.0., between the nucleus and the inner 
free margin— appears granular. Epithelial cells the 
protoplasm of which possesses the above rod-shaped 
fibrils, will in the following paragraphs be spoken of 
as fibrillated cells. 

The proximal convoluted tube appears sometimes 
thicker than at other times; in the first case, its 
lumen is smaller, but its lining epithelial cells are 
distinctly more columnar. This state is probably con- 
nected with the state of secretion. 

308. (4) The convoluted tube passes into the 
spiral tvbuie (Schachowa). This differs from the 
former in being situated not in the labyrinth, but in 
a medullary ray, in which it forms one conspicuous 
element, and in not being convoluted, but more or 
less straight, slightly wavy, and spiral. Its thickness 
and lumen are the same as in the former ; its 
epithelium is a single layer of polyhedral cells, with 
distinct indication of fibrillation. 

309. (5) Precisely at the line where the cortex 
joins the boundary layer, the spiral tube becomes 
suddenly greatly reduced in thickness ; it becomes at 
the same time very transparent; its lumen is distinct; 
its membrana propria is now lined with a single 
layer of scales, each with an oval flattened nucleus. 
This altered tubule is the descending loop-tube of 
Henle, and it pursues its course in the boundary 
layer aa a straight tubule, in the continuation of the 
medullary ray. 

In aspect and size this part of the urinary 
tubule resembles a capillary blood-vessel, but differs 
from it inasmuch as, in addition to the lining layer 
of flattened epithelial cells, it possesses a membrana 
propria. 
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310. (6) The so constituted descending Henle's 
loop-tube passes the line between the boundary layer 
and papillary portion, and having entered this 
latter pursues its course for a short distance, when 
it sharply bends backwards as the hop of Henle's 
tube ; it now runs back towards the boundary layer, 
and precisely at the point of entering this becomes 
suddenly enlarged. Up to this point the structure 
and size of the loop are exactly the same as those of 
the descending limb. 

311. (7 and 8) Having entered the boundary layer 
it pursues its course in this latter to the cortex in a 
more or less straight direction within the medullary 
ra^ as the ascending hop-tvhe. Besides being bigger 
than the descending limb and the loop, its lumen, 
is comparatively smaller, and its lining epithelium 
is a layer of polyhedral, distinctly fibrillated 
epithelial cells. The tube is not quite of the same 
thickness all along the boundary layer, but is broader 
in the inner than in the outer half; besides, the tube 
is not quite straight, but slightly wavy or even 
spiral. 

(9) Having reached the cortex, it enters this as the 
cortical part of the ascending hop-tvhe^ forming one 
of the tubes of a medullary ray; it is at the same 
time narrower than in the boundary layer, and is 
more or less straight or wavy. Its lumen is very 
minute, its lining cells are flat polyhedral with a 
small flattened nucleus, and there is an indication of 
fibrillation (Fig. 158). 

(10) Sooner or later on its way in the cortex in 
a medullary ray it leaves this latter to enter the 
labyrinth, where it winds between the convoluted 
tubes as an angular irregular tiibule (Fig. 158). Its 
shape is very irregular, its size alters from place 
to place, its lumen is very minute, its epithelium a 
layej- of polyhedral, pyramiilal, or short columnar cells 
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— according to the thickness of the tube ; each cell 
possesses a flattened oval nucleus next to the lumen, 
and a very coarsely and conspicuously fibrillated pro- 
toplasm. 

312. (11) This irregular tubule passes into the 
diital convoliUed tvbule or intercalated tubule of 
Schweigger Seidel. This forms one of the convoluted 
tubes of the labyrinth, and in size, aspect, and 
structure, is identical with the proximal convoluted 
tubule. 

(12) The distal convoluted tube passes into a 
short, thin, more or less cwrved or wavy collecting 
tubulcy lined with a layer of transparent, flattened, 
polyhedral cells ; this is still contained in the laby- 
rinth. 

(13) This leads into a somewhat larger straight 
collecting ttibe, lined with a layer of transparent poly- 
hedral, cells and with distinct lumen. This tube 
forms part of a medullary ray, and on its way to the 
boundary layer takes up from the labyrinth numerous 
curved collecting tubules. 

(14) It then passes unaltered as a straight collect- 
ing tube thi'ougli the boundary layer into the papillary 
portion. 

313. In this part these tubes join under acute 
angles, thereby gradually enlarging. They run in a 
straight direction towards the apex of the papilla, 
and the nearer to this the fewer and the bigger they 
become These are the ducts or tubes of Bellini, 
They finally open on the apex into a calix. The lumen 
and the size of the lining epithelial cells — viz., whether 
more or less columnar — are in direct relation to the size 
of the collecting tube. The substance of the epi- 
thelial cells is a transparent protoplasm, and the 
nucleus is more or less oval. 

314. In many places nucleated cells, spindle- 
shaped or branched, can be traced from the mombrana 
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propria of the tubule between tlie lining epithelium; 
and, in some cases, even a delicate nucleated membrane 
can be seen lining the surface of the epithelium next 
the lumen. In the frog, the epithelium lining, the 
Malpighian corpuscles, and the exceedingly long neck 
of the urinary tubule, are possessed of long filamentous 
cilia, rapidly moving during life. In the neck of 
some of the urinary tubules in mammals there is 
also an indication of cilia to be noticed. 

Heidenhain has shown that indigo- sulphate of 
sodium, injected into the circulating blood of the dog 
and rabbit, is excreted through certain parts of the 
urinary tubules only — viz., those which are lined 
with "fibrillated" epithelium. He maintains that 
this excretion is effected through the cell sub- 
stance \ but, in the case of carmine being used as 
pigment, I have not found the excretion to take place 
through the substance of the epithelial cells, but 
through the homogeneous interstitial or cement sub- 
stance between the epithelial cell& 

315. II. The blood-vessels (Fig. 159). 

The large branches of the renal artery and vein 
are situated in the submucous tissue of the pelvis, 
and they enter, or pass out respectively from, the part 
of the parenchyma coiTesponding to the junction of 
the cortex and boundary layer, where they follow a 
more or less horizontal course, and give off, or take up 
respectively, smaller branches to or from the cortex 
and medulla. 

(1) In the cortex the arterial trunks give off to 
the cortex small branches, which sviigly enter the 
labyrinth in a direction vertical to the surface of the 
kidney. These are the interlobular arteries. Each of 
these, on its way towards the external capsule of the 
kidney, gives off, on all sides of its circumference, 
shorter or longer lateral branches; these are the 
aferent arterioles for the Malpighian corpuscles, each 
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one entering a Mulpighian 
corpuscle and breaking up 
into the capilUriea of the 
gloDicrultis. 

On their way towards 
the external capsule, the 
arteries become greatly re- 
duced in size, and finally 
entflr the capillary network 
of the most peripheral part 
of the cortex ; but some of 

7/, these arterioles may be also 
traced into the outer cap- 
sule, where they become 
connected with tlieoapillary 

T networks of this latter. The 
efferent vessel of a Afiil- 
pighian glomerulus at once 
breaks np into a dense 
network of capillary blood- 
vessels, which surround in 
all directions the urinary 

V tuliules of the labyrinth. 
This network ia continuous 
with that of the capillaries 
of the medullary rays, the 
meshes being here elong- 
ated, and the capillary 
blood-vessels, for obvious 
reasons, more of a straight 
arrangement. The capil- 
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laries of the -whole cortex form one continuous 
network. 

316. The veins which take up the blood from this 
network are arranged in this manner : — There are 
formed venous vessels underneath the external 
capsule, taking up like rays on all sides, minute 
radicles connected with the capillaries of the most 
peripheral part of the cortex. These are the veruz 
atellatce ; they pass into the labyrinth of the 
cortex, whei'e they follow a vertical course in 
company with the interlobular arteries. On this 
passage they communicate with the capillaries of 
the labyrinth, and ultimately open into the large 
venous branches situated between cortex and boim- 
dary layer. 

317. (2) In the medulla. From the large arterial 
trunks short branches come off, which enter the 
boundary layer, and there split up into a bundle 
of minute arterioles, which pass in a straight direc- 
tion vertically through the boundary layer into the 
-papillary portion. These are the arterice rectce 
(Fig. 169). The number of vessels of each bundle 
is at the outset increased by the efferent vessel of 
the Malpighian corpuscles nearest to the boundary 
layer. 

On their way through the boundary layer, and 
through the papillary portion of the medulla, 
these arterioles give off the capillary network for 
the urinary tubules of these parts, the network, 
for obvious reasons, possessing an elongated arrange- 
ment. 

From this network originate everywhere minute 
veins, which on their way towards the cortical margin 
increase in size and number ; they form also bundles 
of straight vessels — venas rectce — and ultimately enter 
the venous trunks situated between the boundary 
layer and cortex. 
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The bundles of the arterise rectas and veuse 
rectsB form severally, in the boundary layer, the 
transparent striss mentioned on a previous page as 
alternating with the opaque strise, these latter being 
bundles of urinary tubules. 

At the apex of each papilla there is a network 
of capillaries around the mouth of each duct. 

318. The outer capsule of the kidney contains a 
network of capillary blood-vessels ; the arterial 
branches leading into them are derived from two 
sources : (a) from the outrunners of the interlobulaor 
arteries of the cortex, and (&) from extrarenal arteries. 
The veins lead (a) into the venae stellatse, and (6) into 
extiurenal veins. 

The lympluUic vessels form a plexus in the capsule 
of the kidney. They are connected with lymph 
spaces between the urinary tubes of the cortex. 
The large blood-vessels are surrounded by a plexus of 
lymphatics, which take up lymph spaces between the 
urinary tubules, both in the cortex and the boundary 
layer. 

319. The ureter is lined with stratified transi- 
tional epithelium. Underneath this is the mucosa^ 
a connective tissue membrane with capillary blood- 
vessels. The submucosa is a loose connective tissue 
Then follows a muscular coat composed of non- 
striped muscular tissue, arranged as an inner and 
outer longitudinal and a middle circular coat. Then 
follows an outer limiting thin fibrous coat or adventitia. 
In this last have been observed minute ganglia in 
connection with the nerve branches. 

320. The bladder is similar in structure, but the 
mucous membrane and muscular coat are very much 
thicker. In the latter, which consists of non-striped 
fibres, can be distinguished an inner circular, a middle 
oblique, and an outer longitudinal stratum. The 
last is best developed in the fundus. 
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Numerous sympathetic ganglia, of various sizes, 
are found in connection with the nerve branches un- 
derneath the adventitia (peritoneal covering), and in 
the muscular coat (F. Darwin). The epithelium lining 
the bladder is stratified transitional, and it greatly 
varies in the shape of its cells and their stratification, 
Ikccording to the state of expansion of the bladder. 



CHAPTER XXXL 

THE MALE GENITAL ORGANS. 

321. (1) The testis of man and mammals is en- 
veloped in a capsule of white fibrous tissue, the tunica 
adnata. This is the visceral layer of the tunica 
vaginalis. Like the parietal layer, it is a serous 
membrane, and is ^erefore covered with endo- 
thelium. Minute villi are occasionally seen pro- 
jecting from this membrane into the cavity of 
the tunica vacdnalis. These villi are generally 
covered with ^rminating endotheUum (see par. 33). 
Inside the tunica adnata, and firmly attached to 
it, is the tunica alhuginea^ a fibrous connective 
tissue membrane of lamellar structura Towards 
the posterior margin of the human testis its thick- 
ness increases, and forms there a special accumu- 
lation — ^in cross section more or less conical, with 
posterior basis — ^the mediastinum testis, or corpus 
HighmorL 

Between the tunica adnata and tunica albuginea 
is a rich plexus of lymphatics, which, on the one hand, 
takes up the lymphatics of the interior, and on the 
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other leads into the efferent veBaels that accompany 
the vas deferens. 

The testU of the dog, cat, bull, pig, rabbit, ka.. 
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have a centml corpus Highmori ; that of the mole, 
hedgehog, and bat a peripheral one ; while that of 
the rat and mouse have none (Messing). 
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322. The frameworfe. — From the anterior 
margin of the corpus Highmori spring numerous 
septa of connective tissue, which, passing in a radiat- 
ing direction towards the albuginea, with which they 
form a continuity, subdivide the testis into a large 
number of more or less conical compartments, or 
lobules, the basis of which is situated at the tunica 
albuginea, the apex at the corpus Highmori Kolliker 
mentions that non-striped muscular tissue occurs in 
these septa. 

From these septa thin connective tissue lamellsa 
pass into the compartments, and they form the sup- 
porting tissue for the blood-vessels, and also represent 
the interstitial connective tissue between the seminal 
tubules. 

This intertubular or insterstitial tissue is distinctly 
lamellated, the lamellae being of different thicknesses, 
and consisting of thin bundles of fibrous connective 
tissue — arranged more or less as fenestrated mem- 
branes — ^and endotheloid connective plates on their 
surface. Between the lamellae are left spaces, and 
these form, through the fenestrse or holes of the 
lamellae, an intercommunicating system of lymph 
spaces — being, in fact, the rootlets of the lymphatics 
(Ludwig and Tomsa). 

Within the lamellae are found peculiar cells, 
which are much larger than lymph-cells, and which, 
in some instances (e.^., guinea-pig), include pigment 
granules. They contain a spherical nucleus. In man, 
dog, cat, sheep, especially in the boar, these cells form 
large, continuous gi-oups — plates and cylinders — and 
the cells are polyhedral, and exactly similar to epithe- 
lial cells. They are separated from one another within 
fclie group by a thin interstitial cement-substance. 
Their resemblance with epithelium is complete. They 
are remnants of the epithelial masses of the Wolfian 
body of the foetus. 
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323. The seminal fubules (Fig. 161). — 
Within each compartment, above mentioned, lie 
numerous seminal tvhuleg, twisted and convoluted 
in many ways, and extending from the periphery to 
near the corpus HighmorL The tubules, as a rule. 



Pig. ISl.— Saction lA pari* of threfl Beminifaroiu Tubnle* o( tho Bat. 
^rinced. B««KU [bo cubulea tie ilrtiDilg ol iiKenUllnl 'cellD. (B. A. 

are rarely branched; but in the young state, and 
especially towards the periphery, biunching is not un- 
common. 

Each seminal tubule consists of a membrana pro- 
pria, a lining epithelium, and a lumen. The mem- 
brana propria is a hyaline membrane, with oval nuclei 
at regular intervals. In man it is thick and lamel- 
Jated, several such nucleated membranes being super- 
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imposed over one another. The lumen in in all tubes 
distinct and relatively large. The lining epithelium, 
or the seminal cellSf differ in the adult in different 
tubules, and even in different parts of the same tubule, 
being dependent on the state of secretion. 

324. Before puberty all tubules are uniform in 
this respect, being lined with two or three layers of 
polyheclral epithelial cells, each with a spherical 
nucleus. After puberty, however, the following 
different types can be distinguished. 

(a) Tubules or parts of tubules similar to those 
of the young state — viz., several layers of polyhedral 
epithelial cells lining the membrana propria. These 
are considered as (a) the outer and (6) the inner 
seminal cells. The former are next to the membrana 
propria; they are polyhedral in shape, transparent, 
and the nucleus of some of them is in the process 
of karyomitosis Or indirect division (see par. 8) ; 
others include an oval transparent nucleus. The 
inner seminal cells generally form two or three layers, 
and are more loosely connected with one another than 
the outer seminal cells, and therefore possess a more 
rounded appearance. Between these a nucleated reti- 
culum of fine fibres is sometimes noticed, the germ 
reticulum of von Ebner. But this is merely a support- 
ing tissue, and has nothing to do with the germina- 
tion of the cells or the spermatozoa (Merkel). The 
inner seminal cells show very abundantly the process 
of indirect division of the nucleus, almost all being 
seen in one or other phase of it. 

325. The di^rision of the inner seminal cells yields 
numerous small spherical cells ; these lie nearest the 
lumen, and are very loosely connected with one 
another. It is th^se which are transformed into sper- 
matoza, and hence are appropriately called ^eQrmat<h 
blasts (Fig. 162). 

Amongst the seminal cells, especially of cat and 
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dog, are found occasionally, but not very commonly, 
large juultinuoleur cells, the nuclei of which are also 
in one or the other stage of kaiyo mitosis. 

(b) The innermost cells, i.e., tlie spermatoblasts, 
become pear-shaped, the nucleus being situated at the 
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thinner extremity, becoming at the same time flattened 
and homogeneous (Fig, 162). The elongation of the 
spennatoblasts gradually proceeds, and in consequence 
of this we find numerous elongated, club-shaped sper- 
matoblasts, each with a flattened nucleus at the thin 
end. These are the young spermatozoa, the nucleated 
extremity being the head. 

(c) At the same time these young spermatozoa 
become grouped together by an interstitial granular 
substance, in peculiar fan-shaped groups; in these 
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groups the head — f.e., the thin end containing the 
flattened homogeneous nucleus — is directed towards 
the inner seminal cells, while the opposite extremity 
is directed into the lumen of the tube. Meanwhile 
the inner seminal cells continue to divide, and thus 
the groups of young spermatozoa get more and more 
buried, as it were, between them. 

326, The original cell-body of the spermatoblasts 
goes on elongating until its protoplasm is almost, but 
not quite, used to form a rod-shaped middle piece 
(Schweigger Seidel) of the spermatozoa; from the 
distal end of this, a thin long hair-like filament, called 
the tail^ grows out. Where this joins the end of the 
middle piece, there is present, even for some time 
afterwards, a last remnant of the granular cell-body of 
the original spermatoblast. Some of the inner seminal 
cells not used for the formation of spermatozoa dis- 
integrate and yield the granular substance between the 
spermatozoa of the groups, and also between these latter. 

When the granular interstitial substance holding 
together the spermatozoa of a group has become dis- 
integrated, the spermatozoa are isolated. While this 
development of the spermatozoa goes on, the inner 
seminal cells continue to produce spermatoblasts, some 
of which are converted into spermatozoa. 

327. Spermatozoa (Fig. 163).— Fully formed 
spermatozoa of man and mammals consist of a homo- 
geneous flattened and slightly convex-concave head (the 
nucleus of the original spermatoblast), a rod-shaped 
middle piece (derived directly from the cell-body of 
the spermatoblast), and a long hair-like taiL While 
living, the spermatozoa show very rapid oscillatory and 
propelling movement, the tail acting as a flagellum or 
cilium ; its movements are spiral 

In the newt there is a flne spiral thread attached 
to the end of the long, curved, spike-like head, and by 
a hyaline membrane it is fixed to the middle piece ; it 
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extends beyond this as the UjM, Also in the mam- 
malian and human spermatozoa, a similar spiral thread, 
closely attached to the middle piece, and terminating 
as the tail, has been observed (H. Gibbes). 

328. The seminal tubules of each lobule pass into a 
short straight tubule, the v<m rectum. This is narrower 
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A. Spermfttozoon of guinea-pig not yet completely ripe ; b, the same seen sid 
Vays, the head of the spermatoKOon is flattened from aide r.o Bide ; c, 
spermatozoon of the horse ; d, a spermatozoon of the newt. 
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than the seminal tubule, and is lined with a single 
layer of polyhedral or short columnar epithelial cells. 
The vasa recta form, in the corpus Highmori, a dense 
network of tubular channels, which are irregular in 
diameter, being at one place narrow clefts, at another 
wide tubes, but never so wide as the seminal tubules ; 
this network of channels is the rete testis. 

329. (2) The epididymis— From the rete testis 
we pass into the vasa eJererUiay each being a tube 
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wider thttii those of the rete testis, and each leading into 
a conical network of coiled tubes. These are the ciwit 
vasculosi. The sum. total of all the com vasculosi 
forms the globus major or head of the epididymis. 

330. The vasa eEferentia and the tubea of the 
coni vasculosi are about the size of the seminal 
tubules, but, unlike them, are lined with a layer of 
beautiful columnar epithelial cells, with a bundle of 
cilia (Fig. 164). Outside 
these is generally a layer, 
more or less continuous, of 
small polyhedral cells. The 
substance of the columnar 
cells ia distinctly longitudi- 
nally Bbrillated. The mem- 
brana propria is thickened 
by the presence of a cir- 
cular layer of non-striped 
muscular fibres. The rest, 

ie., the globus minor, or Pip, jm.-a tabnle ot the opi. 
tail of the epididymis, is cUdymis in oroaa eeotion. 

made up of a continuation ™^ihkl'fmm "''ranceDt'rSSiy''^' 
of the tubes of the globus "^^ Si mfSlE^TpiihE"!" «!*> 
major, the tubes diminish- j^c«n|"'wEso''L™eLo(*theiuK°' 
ing gradually in number by 

fusion, and thereby at the same time becoming larger. 
The columnar epithelial cells, &cing the lumen of the 
tubes of the globus minor, are possessed of cilia of 
unusual length. 

The tubes of the epididymis are separated from 
one another by a larger amount of connective tissue 
than those of the testis. 

The tubes of the organ of Girald^ situated in 
the beginning of the fimiculus spermatious, are lined 
with columnar ciliated epithelium. So is also the 
pedunculated hydatid of Morgagni attached to the 
globus major. 
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331. The seminal tubules and the tubes of the 
epididymis are surrounded by a rich network of 
capillary blood-vessels. Between the tubes of the 
testis and epididymis are lymph spaces, forming an 
intercommunicating system, and emptying themselves 
into the superficial networks of lymphatics, {.«., those 
of the albuginea ; the arrangement of these networks 
is somewhat different in the testis and epididymis. 

332. (3) Tas deferens and vesiculsB semi- 
nales. — ^The tubes of the globus minor open into the 
vas deferens. This is of course much larger than 
the former, and is lined with stratified columnar 
epithelium. Underneath this is a dense connective 
tissue mucosa, containing a rich network of capillary 
blood- vessela Beneath this mucosa is a thin sub- 
mucous tissue, which in the Ampulla is better de- 
veloped than in other parts, and therefore allows the 
mucous membrane to become folded. Outside the sub> 
mucous tissue is the muscular coat, which consists of 
non-striped mTiscular tissue, arranged as an inner 
circular and an outer longitudinal stratum. At the 
commencement of the vas deferens there is in addition 
an inner longitudinal layer. There is finally a fibrous 
tissue adventitia. This contains longitudinal bundles 
of non-striped muscular tissue, known as the creTnaater 
inteifhtis (Henle). A rich plexus of veins — plexus 
pampinif ormis — and a rich plexus of lymphatic trunks, 
are situated in the connective tissue of the spermatic 
cord. The plexus spermaticus consists of larger and 
smaller nerve-trunks, with which are connected small 
groups of ganglion cells and also large ganglionic 
swellings. 

333. In the vesiculce aeminaUs we meet with 
exactly the same layers as constitute the wall of the 
vas deferens, but they are thinner. This refers espe- 
cially to the mucosa and the muscular coat The 
former is placed in numerous folds. The latter con- 
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Bists of an inner and outer longitudinal and a middle 
circular stratum. The ganglia in connection with the 
nerve-trunks of the adventitia are very numerous. 

334. In the dudus ejactdatorii we find a lining of 
columnar epithelial cells ; outside of this is a delicate 
mucosa and a muscular coat, the latter consisting of 
an inner thicker longitudinal and an outer thinner 
circular stratum of non-striped muscular tissue. 

When passing into the vesicula prostatica the 
columnar epithelium is gradually replaced by stratified 
pavement epithelium. 

335. (4) The prostate inland. — Like other 
glands, the prostate consists of a 'framework and the 
gland tissue proper or the parenchyma. 

The framework, unlike that of other glands, is 
essentially muscular, being composed of bundles of 
non-striped muscular tissue, with a relatively small 
admixture of fibrous connective tissue. The latter 
is chiefly limited to the outer capsule and the thin 
septa passing inwards, whereas the non-striped mus- 
cular tissue surrounds and separates the individual 
gland alveolL 

336. The parenctayma consists of the chief ducts, 
which open at the base of and near the colliculus 
seminalis, and of the secondary ducts, minor branches 
of the former, which ultimately lead into the alveolL 
These are longer or shorter, wavy or convoluted 
branched tubes with numerous saccular or club-shaped 
branches. The alveoli and ducts are limited by a 
membrana propria, have a distinct lumen, and are 
lined with columnar epithelium. In the alveoli there 
is only a single layer of beautiful columnar epithelial 
cells, the substance of which is distinctly and longi- 
tudinally striated. In the ducts there is an inner 
layer of short columnar cells, and an outer one of 
small cubical, polyhedral or spindle-shaped cells. 

At the mouth of the ducts the stratified pavement 
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epithelium of the pars prostatica of the urethra 
paflses a short distance into the duct. 

The alveoli are surrounded by dense networks of 
capillary blood-vessels. 

In ^e peripheral portion of the gland numerous 
ganglia are interposed in the rich plexus of nerves. 
Also Pacinian corpuscles are to be met with. 

337. (5) The nretlira. — ^The mucous membrane 
of the male urethra is lined with simple columnar 
epithelium, except at the commencement — ^the pars 
prostatica — and at the end — the fossa navicularis — 
where it is stratified pavement epithelium. 

The mucous membrane is fibrous tissue with very 
numerous elastic fibres. Outside of it is a muscular coat 
composed of non-striped muscular tissue, and arranged 
as an inner circular and an outer longitudinal stratum, 
except in the pars prostatica and pars membranacea, 
where it is chiefly longitudinal. In the latter portion 
the muscular bundles pass also into the mucous mem- 
brane, where they follow a longitudinal course between 
large veins arranged in a longitudinal plexus. These 
veins empty themselves into small efferent veins. This 
plexus of large veins with the muscular tissue between 
represents a rudiment of a cavernous tissue (Henle). 

The mucous membrane forms peculiar folds sur- 
rounding the lacunae Morgagni. There are small mucous 
glands, lined with columnar epithelium, embedded in 
the mucous membrane ; they open into the cavity of 
the urethra and are known as Littr6's glands. 

338. (6) The g^lands of Cowper.— Each gland 
of Oowper is a large compound tubular gland, which, 
as regards structure of ducts and alveoli^ resembles a 
mucous gland. The wall of the chief ducts possesses 
a large amount of longitudinally-arranged non-striped 
muscular tissue. The epithelium lining the ducts is 
composed of columnar cells. The alveoli possess a 
laige lumen and are lined with columnar mucous 
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cells, the outer portion of the cell being distinctly 
striated (Langerhans). In the cell the reticulum is 
also distinct. In this respect the alveoli completely 
resemble those of the sub-maxillary of the dog, but 
there are no real ci'escents in the alveoli of Oowper's 
gland. 

339. (7) The corpus spongiosum. — "Y^a^ cor- 
pus spongiosum of the urethra is a continuation of 
the rudimentary corpus cavemosum above-mentioned 
in connection with the pars membranacea of the 
urethra. It is ess«itially a plexus of large veins 
arranged chiefly longitudinally and leading into small 
efferent veins. Between the large veins are bundles 
of non-striped muscular tissue. The capillary blood- 
vessels of the mucous membrane of the urethra open 
into the veins of the plexus. The outer portion of 
the corpus spongiosum, including the bulbus urethrse, 
shows, however, numerous venous sinuses, real caver- 
nse, into which open capiUary blood-vessels. 

340. The glans penis is of exactly the same 
structure as the corpus spongiosum. The outer surface 
is covered with a delicate flbrous tissue membrane, 
which on its free surface bears minute papillsB, 
extending into the stratified pavement epithelium. At 
the corona glandis exist small sebaceous follicles, the 
glauds of Tyson; they are continued from the inner 
lamella of the prepuce, where they abound. The 
papillse of the glans contain loops of capillary blood- 
vessels Plexuses of non-meduUated nerve-fibres are 
found underneath the epithelium of the surface of 
the glans. With these are connected the end bulbs 
described in a former chapter as the genital nerve-end 
corpuscles. 

341. (8) The corpora cavernosa penis* — Each 
corpus cavemosum is enveloped in a fibrous capsule, 
the albuginea, made up of lamellse of fibrous con- 
nective tissue. Numerous Pacinian corpuscles are 
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met with around it The matrix of the oorpns 
cayemosam consists of trabecnlse of fibrous tissue, 
between which pass bundles of non-striped muscular 
tissue all in different directions. Innumerable 
caverns or sinuses, intercommunicating with one 
another, are present in this matrix, capable of such 
considerable repletion, that in the maximum degree 
of this state the sinuses are -almost in contact, 
and the trabecule compressed into very delicate 
septa. The sinuses are lined with a single layer of 
flattened endothelial plates, and their wall in many 
places is strengthened by the bundles of non-stiiped 
muscular tissue. The sinuses during erection become 
filled with blood, being directly continuous with capil- 
lary blood-vessels. These are derived from the arte- 
risJ branches which take their course in the above 
trabecule of the matrix. The blood passes from the 
sinuses into small efferent veins. But the blood 
passes also directly from the capillaries into the 
efferent veins, and this is the course the blood takes 
under passive conditions, while during erection it 
passes chiefly into the above sinuses. 

342. In the peripheral part of the corpus caver- 
nosum there exists a direct communication between the 
sinuses and minute arteries (Langer), but in the rest 
the arteries do not directly communicate with the 
sinuses except through the capillary blood-vessels. 
In the passive state of the corpus cavemosum, the 
muscular trabeculae forming part of the matrix are 
contracted, and the minute arterial branches embedded 
iu them are therefore much coiled up ; these are the 
arteriffi hellciiie. 



CHAPTER XXXII. 

THE FEUALE GENITAL ORGANS. 

343. (1) The ovary (Fig. 165.)— In the ovaiy, as 
in other glands, the framework is to be distinguiBhed 
from the paren- 
chyma. In the part 
of the ovary next 
to the hilam there 
are numerous blood- 
vessels, in a loose 
fibrous connective 
tissue, with nu- 
merous longitudinal 
bundles of non< 
stnped muscular 
tissue directly con- 
tinuous with the 
same tissues of the 
ligamentum latum. 
This portion of the 
ovary is the zona 
vasculosa (Wal- 
deyer). All parts of 
the zona, vasculosa 
— is., the bundles , 
of fibrous I 
tive tissue, the ' 
blood - vessels, and 
the bundles of non- 
striped muscular 
tissue— are traceable into the parenchyma. The stroma 
of this latter, however, is made up of bundles of shorter 



' FiE. IBS.— Vortioal Baotioii tlinn^h tlis 
Otuj oI haltiiroffu Oat. 






tiDHllFtt cK^Hn tolflcLts mud 






272 Elements op Histology. (Chap.xxxiL 

01* longer transparent spindle-shaped cells, each with an 
oval nucleus. These bundles of spindle-shaped cells 
form, bj crossing and interlacing, a tolerably dense 
tissue, in which lie embedded in special distribution 
the Graafian follicles. Around the larger examples of 
the latter the spindle-shaped cells form more or less 
concentric layers. In the human ovary bundles of 
fibrous tissue are also met with. 

The spindle-shaped cells are most, probably a 
young state of connective tissue. 

Between these bundles of spindle-shaped cells 
occur cylindrical or irregular streaks or groups of 
polyhedral cells, each witi^ a sphericcd nucleus ; they 
correspond to the interstitial epithelial cells men- 
tioned in the testis, and they are also derived from 
the foetal Wolffian body. 

344. According to the distribution of the Graafian 
follicles, the following layers can be distinguished in 
the ovary : — 

(a) Ths aUmgi/nea, This is the most peripheral 
layer not containing any Graafian follicles. It is 
composed of the bundles of spindle-shaped cells, inti- 
mately interwoven. In man, an outer and inner 
longitudinal, and a middle circular, layer can be made 
out (Henle). In some mammals an outer longitudinal, 
an inner circular, or slightly oblique layer can be 
distinguished in the albuginea. 

The free surface of the albuginea is covered with 
a single layer of polyhedral, or short columnar granu- 
lar-looking epithelial cells, the germinal epithelium 
(Waldeyer). This epithelium, in its shape and aspect, 
forms a marked contrast to the transparent, flattened, 
endothelial plates covering the ligamentum latum. 

345. (b) The cortical layer (Schron). This is a 
layer containing the smallest Graafian follicles, either 
aggregated as a more or less continuous layer (cat and 
rabbit), or in small groups (human), separated by the 
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Btroma. These follicles are spherical or slightly oval, 
of about .n\ia inch in diameter, and each of them ia limi- 
ted by a delicate membrama propria. Inside of this is 
a layer of flattened, transparent, epithelial cells, each 
with an oval, flattened nucleus ; this is the nieni- 
brana granulosa. The space within the follicle Is 
occupied hy, and filled up with, a spherical cell — the 
ovum cell, or ovu'm. This is composed of a granular- 
looking protoplasm, and in this is a big spherical, or 
slightly oval, nucleus — the germinai vegiele. The 
subst^ce of this is either a fine reticuliun, limited 
by a delicate membrane, with one or more nucleoli 
or germinal tpols, or it is in one of the phases of 
indirect division or karyomitosia, thus indicating 
division of the ovum. 

346. (c) From this cortical layer to the zona 
vasculosa we find embedded in the stroma isolated 
Graafian foUicles, of various sizes, increasing from the 
former to the latter. The biggest — 

foUicles measure in diameter about 
^'jr inch. Those of the middle layers 
are of medium size (Fig. 166). In them | 

we find inside the membrana propiia 
the membrana granulosa, made up of a 
single layer of transparent, columnar, 
epithelial cella The ovum, lai^er than "&,!lif>;n" Vm^ 
in the small cortical follicles, fills out i>t!" *"^ 
the cavity of the follicle, and is '^^iSiofJfSi 
limited by a thin hyaline cuticle — -the tSJnmtaJlliS^ 
zona peU-ucida. This appears as an !Sfl».JSiiwSuI; 
excretion of the cells of the membrana tS^Vi % • uhS 
granulosa. The protoplasm of the ^uSS" gvuiui 
oviun is fibrillated. The part aur- ^h^^t~^« 
rounding the germinal vesicle is more 
transparent, and stains differently in osmic acid than 
the peripheral part The big nucleus, or germinal 
vesicle, is limit^ by a distinct membrane, and inside 
8—1 
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this membrane is a reticulum with generally one big 
nucleolus or gtrvwital ipot. 

Between these medium-sized follicles and the 
small follicles of the cortical layer we find all intei^ 
mediate degrees as regards size of the foUicle and the 
ovum, and especially as regards the shape of the celbi 
of the membrana granulosa, the intermediate sizes of 
follicles being 
lined by a gran- 
ulosa made up 
of a layer of 
polyhedral epi- 
thelial cells. 
347. The 
I deeper Graafian 
follicles, le., 
those that are 
to be regarded 
as big follicles, 

o T 11 m — c c a ■ 

sionally two or 

Kg. ler,— A large OrttuHau Follicle of the — which IS simi- 
OVarj of Cat. J^r to that of 

^'''m™h«iii'g™nnl*ar\>"I«iS™^4^*"»f^^^^ the previous fol- 
{^Sf«Minrt,ta'ti™hESd'rfi*'£hJ"wl*^^^^ licles, except 
ioiu^ieiiMirf%^'flulI^tffi'iiiiSr''fSikSii.''' "" that it is larger, 
and its zona pel- 
lucida thicker. The ovum does not fill out the whole 
cavity of the follicle, since at one side, between it and 
the membrana granulosa, there is an albuminous fluid, 
the rudiment of the liquor follicuH. 

348. The largest or most advanced follicles are of 
great size, easily visible by the naked eye, and con- 
tain a large quantity of this liquor foUiculi (Fig. 167)- 
In fact, Uie ovum occupies only a small patt of the 
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cavity of the follicla The ovum is big, surrounded by 
a thick zona pellucida, is situated at one side, sur« 
rounded by the discus proligerus. This consists of 
layers of polyhedral cells, except the cells immediately 
around the zona pellucida, which are columnar. The 
ovum with its discus proligerus is connected with the 
membrana granulosa. This latter consists of stratified 
pavement epithelium forming the entire lining of the 
follicle. The outermost layer of cells is columnar. 
The membrana propria of these big follicles is strength- 
ened by concentric layers of the stroma cells, and this 
represents the Imnica fibrosa (Henle) or outer coat of 
the follicle — ^theca folliculi externa. Numerous blood 
capillaries connected into a network surround the big 
foUicles. 

In those follicles that contain a greater or smaller 
amount of the liquor folliculi, we notice in the fluid a 
variable number of detached granulosa cells in various 
stages of vacuolation, maceration, and disintegration. 

349. In connection with the medium-sized and 
large Graafian follicles are seen occasionally smallei 
or larger solid cylindrical or irregularly-shaped out- 
growths of the membrana granulosa and membrana 
propria : they indicate a new formation of Graafian 
foUicles, some containing a new ovum. When these 
side branches become by active growth converted into 
larger follicles, they may remain in continuity with the 
parent follicle, or may be constricted off altogether. 
In the first case, we have one large follicle with two 
or three ova, according as a parent follicle has given 
origin to one or two new outgrowths. 

Amongst the epithelial cells constituting the strati- 
fied membrana granulosa of the ripe follicles we notice 
a nucleated reticulum. 

Many follicles reach ripeness, as far as size and 
constituent elements are concerned, long before 
puberty, and they are subject to d^eneralion ; but 
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this process of degeneration involves also follicles of 
smaller sizes. 

350. Before menstruation, generally one, occasion- 
ally two or more, of the ripe foUicles become very 
hyperaemic They grow, in consequence, very rapidly 
in size ; their liquor folliculi increases to such a degree 
that they reach the surface of the ovary; finally — 
f.e., during menstruation — they burst at a superficial 
point ; the ovum, with its discus proligerus, is ejected, 
and brought into the abdominal ostium of the oviduct. 
The cavity of the follicle collapses, and a certain 
amount of blood, derived from the broken capillaries 
of the wall of the follicle, is efiused into it. The follicle 
is converted into a corpus luteum by an active multi* 
plication of the cells of the granulosa. New capilla- 
ries with connective tissue cells derived from the theca 
folliculi externa gradually grow into the interior, i.«.j 
between the cells of the granulosa. This growth 
gradually fills the follicle, except the centre; this 
contains blood-pigment in the shape of granules, 
chiefly contained in large cells, and a few new 
blood-vessels, the blood-pigment being the remains 
of the original blood eflused into the follicle. 
But, ultimately, all the pigment disappears, and a 
sort of gelatinous tissue occupies the centre, while 
the periphery — {.«., the greater part of the follicle 
— is made up of the hypertrophied granulosa^ with 
young capillary vessels between its cells. The 
granulosa cells undergo fatty degeneration, becoming 
filled with several small fat globules, which gradually 
become confluent into a big globule. In this state the 
corpus luteum is complete, and has reached the height 
of its progressive growth. The tissue is then gradually 
absorbed, and cicatrical tissue is left When thu 
shrinks it produces a shrinking of the corpus luteum. 
This represents the last stage in the life of a 
Graafian follicle. The corpus luteum of Graafiav) 



Chap. XXXII.] Female Genital Organs, 277 

follicles, of which the ovum has been impregnated, 
grows to a much larger size than under o^er condi- 
tions, the granulosa becoming by overgrowth much 
folded 

351. Developinent of the ovaiy and Oraa^ 
fian follicles. — The germinal epithelium of the 
surface of the f cetal ovary at an early stage undergoes 
rapid multiplication, in consequence of which the epi- 
thelium becomes greatly thickened. The vascular 
stroma of the ovary at the same time increases, and 
permeates the thickened germinal epithelium. The 
two tissues in fact undergo mutual ingrowth, as is the 
ccuse in the development -of all glands — ^viz., the epithe- 
lial or glandular part suffers mutual ingrowth with 
the vascular connective tissue stroma. 

In the case of the ovary, larger and smaller 
islands or nests (Balfour) of epithelial cells are thus 
gradually differentiated off from the superficial epithe- 
lium. These nests are largest in the depth, and smallest 
near the surface. They remain in connection with 
one another and with the surface for a considerable 
period. Even some time after birth some of the 
superficial nests are still connected with the surface 
epithelium, and with one another (Fig, 168). These 
correspond to the ovarial tubes (Pfliiger). While in 
the rabbit these nests are solid collections, in the dog 
they soon assume the character of tubular structures 
(Pfliiger, Schlifer). The cells constituting the nests 
undergo multiplication (by karyomitosis), in conse- 
quence of which the nests increase in size, and even 
new nests may be constricted off from old ones {see 
also above). 

352. At the earliest stages we notice in the 
germinal epithelium some of the cells becoming en- 
larged in their cell-body, and especially their nu- 
cleus ; these represent the primitive ova. When the 
germinal epithelium undergoes the thickening above 
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mentioned, and when this thickened epithelium sepa- 
nttes into the nests and ovarial tubes, there is a 
continued formation of primitive ova — i.e., cells of 
the nests undei^o the entailment of cell-body and 



nucleus, by which they are converted into primitive 
ova. Lite the other epithelial cells, the primitive 
ova of the nesta and ovarial tubes imdei^o division 
into two or even more primitive ova after the mode 
of hat^omitosis (Balfour). Thus each nest contains 
a series of ova. 

353. The oi-dlnary small epithelial cells of the 
nests and ovarial tubes serve to form the membraua 
granulosa of the Graafian follicles. Accoi'ding to 
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ihe number of ova in a nest or in an ovanid tube 
a subdivision takes place in so many Graafian follicles, 
each consisting of one ovum with a more or less 
complete investment of small epithelial cells — i.A, a 
membrana granulosa. This subdivision is brought 
about by the ingrowth of the stroma into the nests. 

The superficial nests being the smallest, as above 
stated, foim the cortical lajer of the small Graafian 
follicles ; the deeper ones give origin to larger follicles. 
Thus we see that tiie ovum and the cells of the 
membrana granulosa are derived from the primary 
germinal epithelium; all other parts — membrana 
propria;, theca externa, stroma, and vessels — are 
derived from the f(Btal stroma. 

There is a good deal of evidenoe to show that 
ova and Graafian follicles are, as a rule, reproduced 
after birth (Pfiiiger, Kolliker), although other ob- 
servers (Bischoff*, Waldeyer) hold the opposite view, 

354. (2) The oviduct— The oviduct consists of 
a lining epithelium, a mucous membraue, a muscular 
coat, and an outer fibrous coat — the serous covering, 
or peritoneum. The epithelium is columnar and 
ciliated. The mucous membrane is much folded ; it 
is a connective tissue membrane with networks of 
capillary blood-vessels. In man and mammals there 
are no proper glands present, although there are seen 
appearances in sections which seem to indicate the 
existence of short gland tubes ; but these appear- 
ances are explained by the folds of the mucous 
membrana The muscular coat is composed of non- 
striped muscular tissue of a pre-eminently circular 
arrangement; in the outer part there are a few 
oblique and longitudinal bundles. The serous cover- 
ing contains numerous elastic fibrils in a connective 
tissue matrix. 

355. (3) The uterus— The epithelium lining 
the cavity of the uterus is a single layer of columnar 
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cells, each with a bundle of cilia on their free surface. 
These are Tery easily detached, and therefore difficult 
to find in a bardenid and preserved specimen. But 
in the fresh and well-preserved human uterus (Fried- 
lander), as well as in that of mammals, the cells are 
distinctly ciliated. The whole canal of the cervix is 
in the adult lined with ciliated epithelium, but in 
children, according to Lott, only in the upper half. 
The surface of the portio vaginalis uteri is, like that 
of the vagina, covered with stratified pavement epithe- 
lium. 

356. The mucous membrane of the cervix is 
different from that of the fundus. In the former it is 
a fibrous tissue possessed of permanent folds — ^the 
palmse plicatse. Few thin bundles of non-striped mus- 
cular tissue penetrate into these from the outer mus- 
cular coat. Between the palmse plicatse are the 
openings of minute gland-tubes, more or less cylin- 
drical in shape. They possess a membrana propria, and 
a distinct lumen lined with a single layer of columnar 
epithelial cells, which, according to some observers, are 
ciliated in the new-born child, but, according to Fried- 
lander, are always non-ciliated. Goblet-cells are met 
with amongst the lining epithelium. Several observers 
(Kdlliker, Hennig, Tyler Smith, and others) maintain 
the existence of minute, thin, and long vascular papillae 
projecting above the general surface of the mucous 
membrane in the lower part of the cervix ; these 
apparent papillae are, however, only due to sections 
through the folds of the mucous membrane. The 
mucous membrane of the fundus is a spongy plexus 
of fine bundles of fibrous tissue, covered or lined 
respectively with numerous small endothelial plates, 
each with an oval flattened nucleus. The spaces of 
this spongy substance are lymph-spaces, and contain 
the glands and the blood-vessels (Leopold). 

357. The glands — glandulse uterinae — are 
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short tubular glands lodged in the mucous membrane, 
and opening into the uterine cavity. During puberty 
their number and their size increase considerably, new 
glands being formed by the ingrowth of the surface 
epithelium into the mucous membrane (Kundrat and 
Engelmann). During menstruation, and especially dur- 
ing pregnancy, they greatly increase in length. They 
are more or less wavy and branched at the bottom. A 
delicate membrana propria forms the boundary of the 
tube ; a distinct lumen is seen in the middle, and this is 
lined with a single layer of ciliated columnar epithelium 
(Allen Thomson, Nylander, Friedlander, and others). 

358. During menstruation the thickness of the 
mucous membrane increases, the epithelium of the 
surface and of the greater part of the glands being 
destroyed by fatty degeneration, and finally alto- 
gether detadied. Afterwards ite restitution takes 
place from the remnant in the depth of the glands. 
But according to J. Williams and also Wyder, the 
greater part of the mucous membrane, in addition to 
the epithelium^ is destroyed during menstruation. 

l3ie muscular coat forms the thickest part of the 
wall of the uterus ; it is composed entirely of the non- 
striped variety. 

In the comua uteri of mammals the muscular 
coat is generally composed of an inner thicker circular 
and an outer thinner longitudinal stratum, a few 
oblique bundles passing from the latter into the 
former. In the human uterus the muscular coat is 
composed of an outer thin longitudinal, a middle 
thick layer of circular bundles, and an inner thick 
one of oblique and circular bundles. Within these 
layers the bundles form plexuses. 

359. The arterioles in the cervix and their capil- 
laries are distinguished by the great thickness of their 
wall. The mucous membrane contains the ccyfnUary 
netuforks. These discharge their blood into vefaiB 



38a Elements of Histology. [Chap. xxxil 

situated in ihe muscular ooat. Here the veins are 
very numerous, and arranged in dense plextises, those 
of the outer and inner stratum being smaller than 
those of the middle stratum, where they correspond to 
huge irregular sinuses, the bundles of muscular tissue 
of the muscular coat giving special support to these 
sinuses. Hence the plexus of venous sinuses of the 
middle stratum represents a sort of cavernous tissue. 

360. The lymphatics are very numerous ; in 
the connective tissue of the muscular coat are lymph 
sinuses and lymph clefts forming an intercommuni- 
cating system ; they take up the lymph sinuses of the 
mucous membrane above mentioned, and on the other 
hand lead into a plexus of efferent lymphatic vessels 
with valves, situated in the subserous connective 
tissue. 

The nerves entering the mucous membrane are 
connected with ganglia. According to Lindgren, there 
is in the mucous membrane a plexus of non-meduUated 
nerve-fibres, which, near the epithelium, break up 
into their constituent primitive fibrillse. 

361. (4) The vagina. — The epithelium lining 
the mucous membrane is a thick, stratified pavement 
epithelium. The superficial part of the mucous mem- 
brane — i.e.y the mucosa — is a dense, fibrous connective 
tissue with numerous networks of elastic fibres ; it 
projects into the epithelium in the shape of numerous 
long, simple or compound papillse, each with a single 
or complex loop of capillary blood-vessels. The mucosa 
with the covering epithelium projects above the gene- 
ral surface in the shape of longer or shorter, conical 
or irregular, pointed or blunt, permanent folds — the 
rugse. These contain a plexus of large veins, between 
which are bundles of non-striped muscular tissue; 
hence they resemble a sort of cavernous tissue. 

Outside of the mucosa is the loose submucosa, 
containing a second venous plexus ; its meshes are 
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elongated and parallel to the long axis of the vagina. 
Outside of the submucous tissue is the muscular coat, 
consisting of an inner circular and an outer longitu- 
dinal stratum of non-striped muscular tissua Oblique 
bundles pass from one stratum into the other. From 
the circular stratum bundles may be traced into the 
submucosa and mucosa. A layer of fibrous tissue 
forms the outer boundary of the wall of the vagina, 
and in it is the most conspicuous plexus of veins, the 
plexus venosus vaginalis. This plexus also contains 
bundles of non-striped muscular tissue, and therefore 
resembles a cavernous tissue (Gussenbaur.) It is 
not quite definitely ascertained whether or not there are 
secreting glands in the mucous membrane of the 
vagina. Yon Preuschen and also Hennig described 
tubular glands in the upper part of the fornix and in 
the introitus vaginae. 

The lymphatics form plexuses in the mucosa, sub- 
mucosa, and the muscular coat. The first are small 
vessels, the second are larger than the third and possess 
valves. The efferent vessels form a rich plexus of 
large trunks with saccular dilatations in the outer 
fibrous coat 

There are in the mucous membrane solitary lymph 
follicles and diffuse adenoid tissue (Loevenstein). 

Numerous ganglia are contained in the nerve 
plexus belonging to the muscular coat. 

End bulbs in connection with the nerve-fibres of 
the mucosa have been mentioned in Chapter XV. 

362. (5) The urethra.— The structure of the 
female urethra is similar to that of the male, except 
that the lining epitheliimi is a sort of stratified tran- 
sitional epithelium, the superficial cells being shorty 
coliminar, or club-shaped ; underneath this layer are 
several layers of polyhedral, or cubical cells. Near 
the orificium externum the epithelium is stratified 
pavement epithelium. 
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The muscular coat is composed of an inner longi- 
tudinal, and an outer circular, layer of non-striped 
muscular tissue. 

363. (6) The nymplifle, clitoris, and vesti- 

bnluin. — ^These are lined with thick stratified epi- 
thelium, underneath is a fibrous connective tissue 
mucous membrane, extending into the epithelium in 
the shape of cylindrical papillae with capillaiy loops 
and nerve-endings (end bulbs). The nymphse contain 
large sebaceous follicles, but no hairs. 

The nymphse contain a plexus of large veins with 
bundles of non-striped muscular tissue ; hence it re- 
sembles a cavernous tissue (Gussenbaur). The corpora 
cavernosa of the clitoris, the glans clitoridis, and the 
bulbi vestibuli, correspond to the analogous parts in 
the penis of the male. The glands of Bartholin corre- 
spond in struct'Ure to the glands of Oowper in the 
mala 
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THE MAMMARY GLAND. 

364. This, like other glands, consists of a frame- 
work and parenchyma. The former is lamellar fibrous 
connective tissue subdividing the latter into lobes and 
lobules and containing a certain amount of elastic 
fibres. In some animals (rabbit, guinea-pig) there are 
also small bundles of non-striped muscular tissue. 
From the interlobular septa fine bundles of fibrous 
tissue with branched connective tissue corpuscles pass 
between the alveoli of the gland substance. The 
amount of this interalveolar tissue varies in different 
places, but in the active gland is always relatively 
scanty. 
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Migratory or lymph corpuscles are to be met with 
in the interalveolar connective tissue of both active 
and resting glands. In the latter they are more 
numerous than in the former. According to Creighton, 
they are derived, in the resting gland, from the epi- 
thelium of the gland alveoli. Granular large yellow 
(pigmented) nucleated cells occur in the connec- 
tive tissue, and also in the alveoli of the resting 
gland, and Oreighton considers them both identical, 
and derived from the alveolar epithelium. And 
according to this author, the production of these cells, 
would constitute the principid function of the resting 
gland. 

The large ducts as they pass from the gland to 
the nipple, acquire a thick sheath, containing bundles 
of non-striped muscular tissue. These latter are de- 
rived from the bundles of non-striped muscular tissue 
present in the skin of the nipple of the breast. 

The small ducts in the lobules of the gland tissue 
possess a membrana propria, and a lining — a single 
layer of longer or shorter columnar epithelial cells. 

The terminal branches of the ducts, i.e., just before 
these latter pass into the alveoli, are lined with a 
single layer of flattened pavement epithelium cells ; 
they are analogous to the intermediary portion of the 
ducts of the salivary glands (see Chap. XXII. ). 

365. Each of these terminal branches divides and 
takes up several alveoli (Fig. 169). These are wavy 
tubes, saccular or flask-shaped. The alveoH are 
larger in diameter than the intralobular ducts. Each 
alveolus in the active gland has a relatively large 
cavity, varying in diflerent alveoli ; it is lined with a 
single layer of polyhedral, grauular-looking, or short 
columnar epithelial cells, each with a spherical nucleus ; 
a membrana propria forms the outer limit. This mem- 
brana propria, like that of the salivary, lachrymal and 
oth^r glands, is a basket-work of branched oella 
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In the) active gland each epithelial cell is capable 
of forming in its interior one or more smaller or larger 
oil globules. These may, and generally do, become 
confluent, and, pressing the nucleus towards one side 
of the cell, give to the latter tlie resemblance of a fat- 
celL The oil globules finally pass out from the cell- 
protoplasm into the lumen of the alveolus, and repre- 






sent now the milk globules. The cell i 
former solid character, and commences again to form 
oil globules in its protoplasm. The epithelial cells, 
as long as the secretion of milk lasts, go on again 
and again forming oil globules in the above manner 
without being themselveB destroyed (Langer). The 
milk globules, when in the lumen of the alveoli, are 
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enveloped in a delicate cuticle— the albumin mem- 
brane of Ascherson, which they receive from the cell 
protoplasm. 

According to the state of secretion, most epithelial 
cells lining an alveolus may be in the condition of 
forming oil globules, or only some of them ; and 
according to the rate in which milk globules are 
formed and carried away, the alveoli differ in the 
number of milk globules they contain. 

According to Schmid, the epithelial cells, after 
having secreted milk globules for some time, finally 
break up, and are replaced by new epithelial cells 
derived by the division of the other still active 
epithelial cells. 

366. The resting gland, t.0., the gland of a non- 
pregnant or non-suckling individual, contains, compara- 
tively speaking, few alveoli, but a great deal of fibrous 
connective tissue ; the alveoli are all solid cylinders, 
containing within the limiting membrana propria 
masses of polyhedral granular-looking epithelial cells. 
During pregnancy these solid cylinders undergo mul- 
tiplication, elongation, and thickening, owing to the 
rapid division of the constituent epithelial cells. 

Finally, when milk secretion commences, the cells 
occupying the central part of the alveolus undergo the 
fatty degeneration just like the peripheral cells, but 
they, i.6., the central cells, are eliminated, while the 
peripheral ones remain. These central cells are the 
colostrum corpuscles, and consequently they are found 
in the milk of the first few days only. 

367. Ordinary milk contains no colostrum corpus- 
cles, but only milk globules of many various sizes, from 
the size of a granule to that of a globule several times 
as big as an epithelial cell of an alveolus of the milk 
gland. These large drops are produced by fusion of 
small globules after having passed out of the alveoli. 
Each milk globule is an oil globule surrounded, as 
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stated above^ by a thin albuminous envelope — ^Ascher- 
son's membrane. The small bits of granular substance 
met with here and there, are probably the remains of 
broken-down protoplasm of epithelial cells. 

368. Each gland alveolus is surrounded by a dense 
network of ccupUlary bloodvessels. The alveoli are 
surrounded by lymph spaces like those in the salivary 
glands (Coyne) and these spaces lead into nettoorks of 
lymphatic vessels of the interlobular connective tifusue 



CHAPTER XXXIV. 

THE SKIN. 

369. The skin consists of the following layers 
(Fig. 170): — (1) the epidermis; (2) the corium, or 
cutis vera, with the papillae; (3) the subcutaneous 
tissue, with the adipose layer or the adipose tissue. 

370. (1) The epidermis (Fig. 17), in all its 
constituent elements, has been minutely described in 
Chapter III. Its thickness varies in different parts, 
and is chiefly dependent on the variable thickness of 
the stratum corneum. This is of great thickness in 
the palm of the hand and the sole of the foot. The 
stratum Malpighii fits into the depressions between 
the papillsB of the corium as the interpapillary pro- 
cesses. The presence of prickle cells, of pigment 
granules, and of branched interstitial nucleated cells, 
ike, has been mentioned in Chapter III. 

There occur in the stratum Malpighii migratory 
cells of granular aspect ; they appear to migrate from 
the papillary layer of the corium into the stratum 
Malpighii (Biesiadecki). 

371. (2) The corium is a dense feltwork of 
bundles of fibrous connective tissue^ with a large 
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admixture of networks of elastic fibres. From the 
surface of the corium project small conical or oyliii-' 
drical papUUe. These are best developed in those 
parts where the akin is thick, e.ff., volar side of 
hand and foot, scalp, lips of mouth, &c. Between 
the surface of the corium and the epidermis there 
is a basement membrane. Migratory cells, with aad 



Fig. 170.— Vertiial Saction thmngh the BUu of Bnmiui Finger. 

without pigment granules in their interior, are met 
with, especially in the superficial part of the corium; 
they, as well as the fixed or branched connective 
tissue corpuscles (see par. 40), aad other structures, as 
vessels and nerves, lie in the interfascicular spaces. 

372. (3) The superficial part of the snbcnta- 

neous tissue insensibly merges into the deep part of 

the corium ; it consists of bundles of fibrous connective 

tissue f^gregated into ti'abeculte crossing one another 

T— 1 
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and interlacing in a complex manner. Numerous 
elastic fibres are attached to these trabeculse. It con- 
tains groups of fat cells, in many places arranged as 
more or less continuous lobules of fat tissue, forming 
the 8tr<itum adipoaum. These lobules are separated 
by septa of fibrous connective tissue; their structure 
and development, and the distribution of the blood- 
vessels amongst the fat cells, have been described 
in par. 45 (Fig. 33). The deep . part of the sub- 
cutaneous tissue is loose in texture, and contains the 
large vascular trunks and the big nerve branches. 

373. The superficial part of the subcutaneous 
tissue, or, as some have it, the deep part of the 
corium, contains the sudoriparous or aiDeat glands. 
Each gland is a single tube coiled up into a dense 
mass of about ^ of an inch in diameter — ^in some 
places, as in the axilla, reaching as much as six times 
this size. From each gland a duct — ^the audori- 
ferou8 canal — ^passes through the corium in a slightly 
wavy and vertical direction towards the epidermis; 
it penetrates more or less spirally through the inter- 
papillary process of the stratum Malpighii and the 
rest of the epidermis, and appears with an open mouth 
on the free surface of the skin. 

The total number of sweat glands in the human 
skin has been computed by Krause to be over two 
millions ; but it varies greatly in different parts of the 
body, the largest number occurring in the palm of 
the hand, the next in the sole of the foot, the next 
on the dorsum of the hand and foot, and the smallest 
in the skin of the dorsum of the trunk. 

374. The sudoriferous canal and the coiled tube 
possess a distinct lumen ; this is lined with a delicate 
cuticle, especially marked in the sudoriferous canal 
and in the commencement of the coiled tube. In the 
epidermis the lumen bordered by this cuticle is all 
that is present of the sudoriferous canal. It receives 
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a coDtiuuatioa from the deep layers of the stratum 
Malpighii and ftom the basemeat membrane ; the 
former ia the lining epithelium, the lattei" the limiting 
membrana propria of the sudoriferous canal. The 
epithelium consists of two or three layers of small 
polyhedral cells, each with a spherical or oval nucleu& 



375. The structure of the sudoriferous canal ia 
then — a limiting membrana propria, an epithelium 
composed of two or three layers of ]»lyhedral cells, an 
internal delicate membrane, and, finally, the central 
cavity, or lumen. 

lie first part — about one-third or one-fourth — 
of the coiled tube (Fig, 171) is of the same struc- 
ture, and is directly continuous with the sudoriferous 
canal, with which it is identical, not only in structure, 
but in size. The remainder of the coiled tube — Le,, 
the distal part — is larger in diameter, and diflers ia 



292 Elements op Histology, coih*. xxxiv. 

these essential respects, that its epitheliam is a single 
layer of transparent columnar cellsy and that there 
is between this and the limiting membrana propria 
a layer of fion^triped muscle cells (Kdlliker) arranged 
parallel with the long axis of the tuba In some 
places, as in the palm of the hand and f oot^ in the 
scrotum, the nipple of the breast, the scalp, but 
especially in the axilla, this distal portion of the coiled 
tube is of very great length and breadth, and its 
epithelial cells contain a variable amount of granules. 
It appears to me that the cells resemble in this 
respect tiiose of the serous salivary glands and the 
chief cells of the gastric glands (Langley), inasmuch 
as they produce in their interior larger or smaller 
granules which are used up during secretion, from, the 
periphery towards the lumen. 

376. The cemminous §rlaiids of the meatus 
auditorius extemus are of the same structure as the 
distal portion just described, except that the inner 
part of the cell protoplasm of the epithelium contains 
yellowish or brownish pigment, found also in their 
secretion, t.e., in the wax of the ear. 

Around the anus there is an elliptical zone, in the 
skin of which are found large coiled gland tubes — the 
cvrctimcmal glands of A. Gay — ^which are identical in 
structure with the distal portion of the sweat gland 
tubes. 

377. The sweat gland develops as a solid cylin- 
drical outgrowth of the stratum Malpighii of the 
epidermis, which gradually elongates till it reaches 
the superficial part of the subcutajieous tissue, where it 
commences to coil. The lumen of the tube is of 
later appearance. The membrana propria is derived 
from the tissue of the cutis, but the epithelium and 
muscular layer are both derived from the original 
outgrowth of the epidermis. 

378. The lialr^fblUcles (Fig. 172).— The skin 



almost everywhere contains cylindrical_^/^fes, planted 
more or less near to one another, and in groups. In 
each of them is fixed the root of a hair ; that part 
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of the hair which projects beyond the general surface 
of the skin is the slia/t. 

Very few places contain no hair'follicles, such, for 
instance, as the volar side of the hand and foot, and 
the skin of the penis. 

In size, the hairs and hair-follicles differ in dif- 
ferent parts. Those of the scalp, the cilia of the eyelids, 
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the hairs of the axilla and pubic region, those of 
the male whiskers and moustache, are coarse and 
thick, while the hairs of other places — c.^., the outer 
surface of the eyelids, the inside of the arm and 
forearm, &c. — are very minute : but, as regards struo- 
ture, they are all very much alike. 

379. A complete hair and hair-follide — that is, the 
papillary hair of Unna — shows the following struc- 
ture: — 

The havr-follicle. Each hair-foUicle commences 
on the free surface of the skin with a funnel- 
shaped opening or mouth; it passes in an ohliqtie 
direction through the corium into the subcutaneous 
tissue, in whose middle strata — ^.0., in the stratum 
adiposum — ^it terminates with a slightly enlarged 
extremity, with which it is invaginated over a rela- 
tively small fungus-shaped papilla. This latter is of 
fibrous tissue, containing numerous cells and a loop of 
capillary blood-vessels. 

Minute hairs do not reach with their follicles to 
such a depth as the large coarse hairs, the former not 
extending generally much farther than the deep part 
of the corium. Degeneraiting and imperfect hairs 
(see below) also do not reach to such a depth as the 
perfect large hair-follicles. In individuals with 
" woolly " hair^ e-^r., the negro race (0. Stewart), and 
in animals with " woolly " hair, such as the fleece of 
sheep — the deep extremity of the hair-follicle is 
curved, sometimes even slightly upwards. 

380. The structure of a hair-follicle is as follows 
(Fig. 173) : There is an outer coat composed of 
fibrous tissue; this is the fibrous coat of the hair- 
sae. It is merely a condensation of the surround- 
ing fibrous tissue, and is continuous with the 
papilla at the extremity of the hair-follicla About 
the end of the hair-foUicle, or sometimes as much 
as in the lower fourth, there is inside of this 
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fibrouB layer of the htur-^ac a single contJnuous 
layer of transrersely or etreularly-a/rranged tpindle- 
shaped cells, each with an oval flattened or staff- 
shaped nucleus, completely resembling, and generally 
coneidered to be, 
non-striped mus- 
cle ccIIb. Inside 
of this layer of 
the hair-sac is 
a glassy-looking, 
hyaline, basement 
membrane, which , 

is not very dia- 1 

tinct in minute 
hairs, but is suffi- 
ciently conspicu- 
ous in large adult 
hair- follicles. 
This glatty mmn- _ 

brane, as it is and Hair FoUiele. 

called, is a direct >. jorrow of ii»ir , t, mnei rx iiifr -, ^ cmim ot 

continuation of «, Henlc's l«r?r^5'inn"/ram-ili°s«li /"nuW ronti 

the basement «"*!. frmph'ScM in tSJime. """ 
membrane of the 

surface of the corium, and it can be traced as a delicate 
membrane also over the surface of the hair-papilla, 

381. Next to the glassy membrane is the outer 
root-akeatk, the most conspicuous part of the hair-fol- 
licle. It consists of a thick stratified epithelium of 
exactly the same nature as the stratum Malpighii of 
the epidermis, with which it is directly continuous, 
and from which it is developed. In die outer root- 
sheath the layer of cells next to the glassy membrane 
is columnar, just like the deepest layer of cells in the 
stratum Malpighii ; then follow inwards several layers 
of polyhedral cells; and, finally, flattened nucleated 
Boaiea form the innermost boundary of the outer root- 
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eheaih. The Btratnm granulosnm of the stratum 
Malpighii is not continued beyond the mouth of the 
hair-follicle, but there it is generally very marked. 
The outer root-sheath becomes greatly attenuated at 
the papilla — in fact, it is there continuous with the 
cells constituting the hair-bulb. 

382. The centre of the hair-follicle is occupied by 
the TQOt of the Jtmr, which terminates with an en- 
larged extremity — ^the hair-bvlh ; this grasps the 
whole papilla. The hair-bulb is composed of poly- 
hedral epithelial cells, separated from one another 
by cement substance, and continuous with the cells 
of the extremity of the outer root-sheath, from which 
they originate in the first instance ; just over the 
papilla there is a special row of short columnar cells, 
which are in an active state of multiplication, in 
consequence of which new cells are constantly being 
formed over the papilla. As a result of this there is 
a gradual pushing outwards, within the cavity of the 
hair-follicle, of the cells previously formed ; these cells 
form the hair itself. Nearest to the papilla all the 
cells of the hair are polyhedral, further outwards — Le,, 
towards the surface of the skin — they become more 
elongated and spindle-shaped, and constitute the cells 
of the hair substance ; except in the very centre of the 
hair, where they remain polyhedral, so as to represent 
the cells of the marrow of the hair, and in the periphery 
of the hair, where they remain more or less polyhedral, 
so as to form the inner root-sheath, 

383. The root of the hair, except at the hair- 
bulb, shows the following parts : The substance of tlie 
hair, the cuticle, and the inner root-sheath. The 
substance of the hair is composed of the hair-fibres, 
i.e., long thin fibres, or narrow long scales, each com- 
posed of hyaline horny substance, and possessed of 
a thin statf-shaped remnant of a nucleus. These 
are held together by a certain amount of interstitial 



Chip xxxiv.] The Ski v. 297 

cement substance. Towards the bulb they gradually 
rfiange into the spindle- shaped cells above mentioned. 
They can be isolated by strong acids and alkalies. In 
pigmented haira there occur numerous pignient yranvlea 
between the hair fibres, but also diffumd pigmmit in 
their substance. The same is noticed with reference 
to the hair-bulb — viz., pigment granules being present 
in. the intercellular cement, and pigment also in the 
cell substance. In the centre of many hairs is a cylin- 
drical marrow, containing generally one row of poly. 
kedral cells, which are, to a great extent filled with air. 

384. On the surface of the hair substance is a thin 
culicte, a single layer of homy non-nucleated hyaline 
scales arranged more or less transversely; they are 
imbricated, and, according to the degree of imbrica- 
tion, the cuticle shows more or less 

marked projections, which give to the 
circumference of the hair the appear- 
ance of minuteteeth, lite those of a saw. 

385. The inner rootsheath in well- 
formed, thick hairs, is very distinct, 
and consists of a delicate cuticle next 
to the cuticle of the hair ; then an 
inner, or Huxlei/g, layer, which is a 
single, or sometimes double, layer of 
homy cubical cells, each with a rem- 
nant of a nucleus ; and, finally, an 

outer, or Ilenle'a, layer — a single layer '%r,a vi^^?%l 
of non-nucleated homy cubical cells. nipli'eii'' lunuii 

The shaft of the hair (Fig. ,1,°^, ^ ^.|^. 
174), or the part projecting over EiiSr?c°muS^'^ 
the free surface of the skin, is of 
exactly the same structure as the root, except that it 
possesses no inner root-sheath. 

386. As mentioned above, at the hair-bulb the 
polyhedral cells constituting this latter gradually [)ass 
into the different parts of the hair — i.e., marrow-sub- 
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stance, cuticle, and inner rootsheath — and the con- 
tinual new production of cells over the papilla causes a 
gradual prc^Tession and con- 
version of the cells, and a 
corresponding growth in 
length of the hair. 

Pigmented haira, as men- 
tioned aboTe, contiun pig- 
ment granules between — i. e. , 
in the interstitial substance 
cementing together — the 
hair fibres, and diffuse pig- 
ment in their substance. 
According to the amonnt 
of these pigments, but es- 
pecially of the interstitial 
pigment granules (Pincus), 
the colour of the hair is of 
a greater or lesser dark 
tint. In red haira there is 
chiefly diffuse pigment. In 
white or albino hairs neither 
the one nor the other 
pigment is present ; in grey 
there is air at least in 
the superficial layers of the 
hair substance, besides ab- 
sence of pigment. 

Sleek hairs are circu- 
lar, curly oval, in crosa-sec- 

0^Si"i-2r«i|Sl« '°°38T. Kew f.rm,aon 

» d^Bnetating fciir. of hair (Fig. 175). — 

''™ier'^t^«h'o?tb^wr'ioiii° Eveiy hair, be it fine and 

wreMoV'iPiu^'^°^m"mo^i^'oSt short or thick and long, 

Siirinob''", thS'^o"'^[g?iwtb under normal conditions, 

tV^r""*"^ vS "> '"""' ' ^ '"^ li" <^r » limited exisr 
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tence, for its hair-follicle, including the papilla, sooner 
or later undergoes degeneration, and subsequent to 
this a new papilla and a new hair are formed in its 
placa What happens is this — ^the lower part of the 
hair-follicle, including the papilla and hair-bulb, de- 
generate and are gradually absorbed. Then there is 
left only the upper part of the follicle, and in the 
centre of this is the remainder — 1.6., non-degenerated 
portion — of the hair root. The fibres of this are at 
the extremity fringed out and lost amongst the cells 
of the outer root-sheath of the follicla This repre- 
sents the hair-knob (Henle). Now, from the outer 
root-sheath a solid cylindrical outgrowth of epithelial 
cells into the depth takes place ; against the extremity 
of this a new papilla is formed. In connection with 
this new papilla, and in the centre of that cylindrical 
outgrowth, a new hair-bulb and hair are formed, and 
as the latter gradually grows outwards towards the 
surface, it lifts, or rather pushes, the old hair — i,e,^ 
the hair-knob — out of the follicle. The outer part of 
the follicle of the old hair persists. 

Thus we find in all parts of the skin where hairs 
occur, complete or papillary hairs side by side with 
degenerating hairs, or hair-knob& 

388. Development of hair. — In the human 
foetus the hair-follicles make their fii'st appearance 
about the end of the third month, as solid cylindrical 
outgrowths from the stratum Malpighii This is the 
rudiment of the outer root-sheath. After having pene- 
trated a short distance into the corium, this latter be- 
comes condensed around it as the rudiment of the hair- 
sac, and at the distal extremity forms the papilla 
growing against the outer root-sheath and invagin- 
ating it. On the surface of the papilla a rapid mul- 
tiplication of the epithelial cells of this extremity of 
the outer root-sheath takes place, and this forms^the 
hair-bulb, by the multiplication of whose cells the hair 
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and the inner root-sheath are formed. As growth 
and multiplication proceed at the hair-bulb, so the 
new hair, with its pointed end, gradually reaches the 
outer surface. It does not at once penetrate the 
epidermis, but remains growing and burrowing its 
way for some time in the stratum oomeum of the 
epidermis in a more or less horizontal direction, till it 
finally lifts itself out of this beyond the free surfaoa 

389. In many mammals occur, amongst ordinary 
hairs, special large hairs, with huge hair-follicles 
planted deeply into the subcutaneous tissue ; such 
are the big hairs in the skin about the lips of the mouth 
in the dog, cat, rabbit, guinea pig, mouse and rat, Ac. 
These are the tactile hairs. Their hair-follicle pos- 
sesses a thick hair-sac, in which are contained large 
sinuses intercommunicating with one another and 
with the blood system : these sinuses are separated 
by tmbeca]» of non-striped muscalar tissue, and 
represent, therefore, a cavernous tissue. The papilla 
is very huge, and so is the outer root-sheath and the 
hair-root in all its parts. There are vast numbers of 
nerve-fibres, distributed and terminating amongst the 
cells of the outer root-sheath ( Amstein). 

390. With e£u;h hair-follicle are connected one or 
two sebaceous follicles. These consist of several flask- 
shaped or oblong alveoli, joined into a common short 
duct opening into the hair-follicle near the surface — 
i.e.y that part called the neck of the hair-follicle. 

The alveoli have a limiting membrana propria; 
next to this is a layer of small polyhedral, granular- 
looking epithelial cells, each with a spherical or oval 
nucleus ; next to this, and filling the entire cavity ot 
the alveolus, are large polyhedral cells, each with a 
spherical nucleus; the cell-substance is filled with 
minute oil globules, between which is left a sort of 
honeycombed reticulated stroma. The cells nearer to 
the centre of the alveolus are the largest. Towards 
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the duct they become shrivelled up into an amorphous 
mass. The duct itself is a continuation of the outer 
root-sheath. 

As multiplication goes on in the marginal layer of 
epithelial cells — i.e., those next the membrana propria 
— the products of this multiplication are gradually 
shifted forward towards the duct, and through this 
into the neck and mouth of the hair-foUicle, where 
they constitute the elements of aehum. 

There is a very characteristic misproportion be- 
tween the size of the hair-follicle and that of the seba- 
ceous gland in the embryo and new-bom, the sebaceous 
gland being there so large that it forms the most con- 
spicuous part, the minute hairs (lanugo) being situated, 
as it were, in the duct of the sebaceous follicle. 

391. In connection with each hair-follicle, espe- 
cially where they are of good size — as in the scalp — 
there is a bundle, or rather group of bundles, of non- 
striped muscular tissue ; this is the arrector pili. It is 
inserted in the haii^sac near the bulbous portion of the 
hair-follicle, and passes in an oblique direction towards 
the surface of the corium, grasping, as it were, on its 
way the sebaceous follicle, and terminating near the 
papillary layer of the surface of the coriura. The 
arrector pili forms with the hair-follicle an acute 
angle — this latter being planted into the skin in an 
oblique direction, as mentioned above — and conse- 
quently, when the arrector contracts, it has the effect 
of raising the hair follicle and hair (cutis anserina — 
''goose's skin"), and of making the hair assume a 
more upright position (causes it, as we say, to '' stand 
on end"). At the same time, it compresses the 
sebaceous f oUicle, and thus facilitates the discharge of 
the sebum. 

392. The corium of the scrotum, of the nipple of 
the breast, of the labia pudendi majora, and of the 
penis, contains numbers of bundles of non-striped 
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mitscular tisBuu (Kolliker), independent of the b&irs ; 
these nm in an oblique and horizontal direction, and 
form plexuses. 

393. The oaUs (Fig. 176).— We distinguish tha 
hody of the nail irom the free margin and from the 



Fig. 170.— Vertical BeaOaa UirOD«h the Human Nul uid Nail-bed. 

roo( / the body is the nail proper, and is fixed on to 
the nail-bed, while the nail-root is fixed on the nail- 
matrix — i.e,, the posterior part of the nail-bed. The 
nail is inserted, with the greater part of its lateral and 
vith its posterior margin, in the nail-groove, a fold 
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by which the nail-matrix passes into the surrounding 
skin. 

394. The suhstcmce of the nail is made up of a 
large number of strata of homogeneous homy scales — 
the nail-ceUa—esuch. with a staff-shaped remnant of a 
nucleus. 

The corium of the nail-bed is highly vascular ; it 
is firmly fixed by stiff bands of fibrous tissue on the 
subjacent periosteum; it is covered with a stratiun 
Maipighii of the usual description, except that the 
stratum granulosum is absent in the nail-matrix, but 
is present in a rudimentary state in the rest of the 
nail-bed. The nail itself represents the stratum 
lucidum, of course of exaggerated thickness, situated 
over the stratum Malpighii of the nail-bed. There 
is no stratum comeum over the^naiL 

The stratum Malpighii and corium of the nail-bed 
are placed into permanent minute folds, and the nail 
possesses on its lower sur&rce corresponding linear 
indentations. 

395. In the foetal nail-bed the stratum Malpighii 
is covered with the usual stratum lucidum and stratum 
comeum, but the former is the larger; by a rapid 
multiplication of the cells of the stratum Malpighii, 
and a conversion of its superficial cells into the scales 
of the stratum lucidum, the foetal nail is produced. 
At this early stage the nail is covered by stratum 
comeum. By the end of the fifth month the nail 
margin breaks through this stratum comeum, and by 
the seventh month the greater part of the naU has 
become clear of it. 

396. The blood-vessels of the skin— The 
blood-vessels are arranged in different systems for the 
different parts of the skin (Tomsa) : — 

(a) There is, first, the vascular system of the 
adipose tissue, differing in no way from the dis- 
tribution of blood-vessels in fat tissue of other places. 
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(6) Then there is the vascular system of the hair- 
follicle. The papilla has a capillary loop, or rather 
.* mitiute arteriole, a capillary loop, and a descending 
vein, and the fibrous tissue of the hair-sac possesses 
capillaries arranged as a network with elongated 
meshes, with its aiSerent arteriole and efferent vein. 

(c) The sebaceous follicle has its afferent arteriole 
and efferent vein, and capUlary networks surrounding 
the alveoli of the gland. The arrector pili and other 
bundles of non-striped muscular tissue possess capil- 
lary networks with elongated meshes. 

{d) The sweat-glands have an afferent arteriole, 
from which proceeds a very rich network of capil- 
laries, twining and twisting round the gland-tube. 
The duct possesses its separate afferent arteriole and 
capillaries, forming elongated meshes. 

{e) The last arterial branches are those that reach 
the surface of the corium, and there break up into a 
dense capillary network with loops for the papillae. 
In connection with these capillaries is a rich plexus of 
veins in the superficial layer of the corium. 

(/) In the nail-bed ara dense networks of capil- 
laries, with loops for the above-named folds. 

397. The lymphatics. — ^There are networks of 
lymphatic vessels in all strata of the skin ; they are, 
more or less, of horizontal expansion, with oblique 
bmnches passing between them. Their wall is a 
single layer of endothelial cells, and some of them 
possess valve& Those of the surface of the corium 
take up lymphatics of the papillae. The subcutaneous 
lymphatics are the biggest. The fat tissue, the sweat- 
glands, and the hair-follicles possess their own lym- 
phatic clefts and sinuses. The interfascicular spaces 
of the corium and subcutaneous tissue are directly 
continuous with the lymphatic vessels in these 
parts. 

398. The nerves.— The nerve-branches break up 
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into a dense plexus of fine nerve fibres in the super- 
ficial layer of the corium. This plexus extends hori- 
zontally, and gives off numerous elementary fibrils 
to the stratum Malpighii, in which they ascend vertic- 
ally and in a more or less wavy fashion towards the 
stratum lucidum (Langerhans, Podkopaeff, Eberth, 
Eimer, Ranvier, and others). According to some, 
they terminate with a minute swelling ; according to 
others, they form networks ; according to more 
recent observations, some of the fibrils terminate 
also in the substance of the deep epithelial cells (see 
Chap. XIV.). 

The subcutaneous nerve-branches of some places 
— palm of hand and foot, and skin of penis — give 
off single medullated nerve-fibres, terminating in a 
Pacinian corpuscle, mentioned in a former chapter. 
In the volar side of the fingers and toes there occur 
in some of the papillae of the corium the tactile or 
Meissner's corpuscles, each connected with one or two 
medullated nerve-fibres, as described in a previous 
chapter. The outer root-sheath of the hair-follicles 
contains the terminations of fine nerve-fibres, in the 
shape of primitive fibiillse (Jobert, Bonnet, and 
Amstein). According to Jobert^ the nerve-fibres 
entwine the hair-follicle in circular tuma The tactile 
hairs possess a greater supply of nerves than the 
ordinary hair-follicles. 



CHAPTER XXXV. 

THB CONJUNCTIVA AND ITS GLANDS. 

399. (1) Thb eyeUds (Fig. 177).— The outer layer 
of the eyelids is akin, of ordinary desciiption; the 
inner is a delicate, highly vascular membrane— the 
u— 1 
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conjunctiva palpehrcR. This inclades a firm plate — 
the ta/raal-pUUe — which is not cartilage, but very 
dense, white, fibrous tissue. In it lie embedded the 
Meibomian glands. These extend in each eyelid in a 
vertical direction from the distal margin of the tarsal- 
plate to the free margin of the eyelid ; in the posterior 
angle of this margin Ties the opening or mouth of each 
of the Meibomian glands. 

The dibct of a Meibomian gland is lined with a 
continuation of the stratified pavement epithelium, 
lining the free margin of the lid; it passes in the 
tarsal-plate toward its distal margin, and takes up on 
all sides short minute ducts, each of which becomes 
enlarged into a spherical, saccular, or flask-shaped 
alveolus. This is identical in structure and secre- 
tion with the alveoli of the sebaceous follicles of the 
shin, 

400. The conjunctival layer is separated from 
the subcutaneous tissue of the skin-layer of the 
eyelid by the bundles of the sphincter orbicularis — 
striped muscular tissue. Some bimdles of this ex- 
tend near the free margin of the lid, and represent 
what is known as the musculus ciliaris Kiolanl 
This sends bundles around the mouth of the Mei- 
bomian ducts. 

401. At the anterior angle of the free margin of 
the lid are the eyelashes or cilia, remarkable for their 
thickness and rapid reproduction. Near the cilia, but 
towards the Meibomian ducts, open the ducts of 
peculiar large glands — the gla/nds of Mohl. Each of 
these is a wavy or spiral tube, passing in a vertical 
direction from the margin of the lid towards its distal 
part; it completely coincides in structure with the 
large portion of a sweat gland — 1.6., that part contain- 
ing a columnar epithelial lining, and between this and 
the membrana propria a longitudinal layer of non- 
striped muscular cells. 
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Pig. 177 -Vortical Baotioii tlirough the Upp«r Eyelid. (Waldayer.) 
1, Oonluncirv*; 1. ttln; ipemuicnl toldi at Ute conjniitliv. : 1, bondK 



The free marg^ ia covered, aa mentioned above, 
with stratified pavement epithelimn, into which the 
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mucous membrane extends in the shape of minute 
papillae. In the conjunctiva palpebrse the epithelium 
is a thin stratified pavement epithelium; there are 
no papillse, but the sub-epitheUal mucosa — ^that is, the 
layer situated between the epithelium of the surface 
and the tarsal-plate— contains a dense network of 
capillary blood-vessels. 

402. Passing from the eyelids on to the eyeball, 
we have the continuation of the conjunctiva palpebrsa 
— t.e., the fornix conjunctivsB — ^and, further, the con- 
junctiva fixed to the sclerotic, and terminating at the 
margin of the cornea — ^the conjunctiva bulbi The 
epithelium covering the conjunctiva fomicis and con- 
junctiva bulbi is stratified epithelium, the superficial 
cells being short columnar; next to the fornix the 
superficial cells are beautiful columnar, and the 
mucosa underneath the epithelium is placed in regular 
folds (Stieda, Waldeyer). Towards the cornea the 
epithelium of the conjunctiva assumes the character 
of stratified pavement epithelium, and minute papillae 
extend into it from the mucosa. 

403. The mucous membrane is fibrous tissue, 
containing the networks of capillary blood-vessels. 

Into the fornix lead minute mucous glands, em- 
bedded in the conjunctiva fomicis ; they are the glands 
of KraViSe, Similar glands exist in the distal portion 
of the tarsal-plata 

404. The Wood-vessels of the conjunctiva ter- 
minate as the capillary network of the superficial 
layer of the mucosa, and as capillary networks for the 
Meibomian glands, Krause's gland, <&c. Around the 
corneal margin the conjunctival vessels are particu- 
larly dense, and loops of capillaries extend from it 
into the very margin of the cornea. 

405. The lympliatics form a superficial and 
deep network. Both are connected by short branches. 
The deep vessels are possessed of valves. The super* 
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ficial plexus is densest at the limbus comese, and they 
are in direct connection with the interfascicular 
lymph clefts, both of the sclerotic and cornea. In 
tlie margin of the lid the superficial lymphatics of 
the skin anastomose with those of the conjunc- 
tiva. 

Lymph follicles occur in groups in the conjunctiva 
of many mammals about the inner angle of the eya 
In the lower eyelid of cattle they are very con- 
spicuous, and known as the glands of BrucL They 
are also well-marked in ^e third lid of many 
mammals. 

According to Stieda and Morano, isolated lymph 
follicles occur also in the human conjunctiva. 

406. The nerves are very numerous in the con- 
junctiva ; they form plexuses of non-medullated fibres 
underneath the epithelium. From these plexuses fine 
fibrils pass into the epithelium of the surface, between 
whose cells they terminate as a network (Helfreich 
Morano). End bulbs of Krause occur in great nimi. 
bers in man and calf. They have been mentioned in 
a former chapter. 

407. (2) The lacbrymal glands are identical 
m structure with the serous or true salivary 
glanda The arrangement of the connective tissue 
stroma, the nature and structure of the ducts — espe- 
cially of the intralobular ducts — and alveoli, the dis- 
tribution of blood-vessels and lymphatics, are exactly 
the same as in the true saJivaiy glands. Reichel 
has found that the epithelial cells lining the 
alveoli are well defined, conical or cylindrical, trans- 
parent and slightly granular during lest; but 
during secretion they grow smaller, more opaque 
and granular, their outlines not well defined, and 
the nucleus becomes more spherical and placed more 
centrally. 

408. In most mammak there is in the inner 
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angle of the eye, and closely placed against the sur- 
face of the eyeball, a gland called Harder's gland. 
According to Wendt, this is either a true serous 
gland, like the lachrymal — ^as in the ox, sheep, and 
pig — or it is identical in structure with a sebaceous 
gland, as in the mouse, rat, and guinea-pig; or it 
consists of two portions, one of which (white) is 
identical with a sebaceous^ while the other (rose* 
coloured) is a true serous gland; such is the case in 
the rabbit and hara According to Giacomini, a 
rudiment of Border's gland exists also in the ape 
and man. 



CHAPTER XXXVL 

THE CORNEA, SCLEROTIC, LIGAMENTUM PECTINATUM, 

AND CILIARY MUSCLE. 

409. I. The cornea (Fig. 178) of man and many 
mammals consists of the following layers, counting 
from front to back : — 

(1) The epitheliumi of the anterior surface (see 
Fig. 18) ; this is a very transparent, stratified, pave- 
ment epithelium, such as has been described in par. 
22. It is directly continuous with the epithelium of 
the conjunctiva, but it is more transparent ; in dark 
pigmented eyes of mammals the epithelium of the 
conjunctiva is also pigmented. In these cases the 
pigment, as a rule, does not pass beyond the margin 
of the' cornea. 

410. (2) Next follows a homogeneous elastic mem 
brane, Bowman^a membrane, or elastica anterior. It 
is best shown in the human eye, but is present, even 
though only rudimentary, in the eye of mammals. 



(3) Tlien follows the ground aubetanee, or sub- 
stantia propria, of the cornea. This is composed of 
lamellae of bundles 
of fibrous connective 
tissue. Keighbouiing 
lamellae arc connected 
with one another by 
oblique bundles. 

The fibre bundles 
within each lamella 
run parallel to the sur- 
face of the cornea, but 
may cross one another 
under various angles. 

In the anterior 
layer of the ground 
substance some of the 
bundles pass through 
several lamellee in on 
oblique manner; they 
represent the fibr» 
arcuatie. 

The fibrOs within 
the bundles, and the 
bundles, and the la^ 
mellce of bundles are 
held together by an 
interstitial, albumin- 
ous, semi-fluid, cement 
substance, which, like 
other similar interati- 
„ ,_„ _ n _i. ■ „ ^. tial substances, be- 

ng. 178.— Prom u Vertical Section , , ., , , i- 

&raDKli tlie Kembnuus oE the Eye longa to the globulins, 

"'"Suid. and is soluble in 10 

••cS'™'i'HSl«iiS'^»'K'™/' per cent saline solu- 

'IIIS3a™™i™"!EtiI^'rel'L'^1l"om *'oi (Schweigger Sei- 

E;3J!.= ^Sl)'"*'"*''"™'^"" '" ""■ del). A Jew ela*tio 
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fibrils are seen here and there. Between the lamellae 
are left the lacunae and canaliculi for the branched, 
flattened, nucleated, corneal corptudea, described in 
a previous chapter (Figs. 29, 30). They anasto- 
mose with one another within the same plane, and 
also, to a limited degree, with those of neighbouring 
planes. 

41 1. (4) The membmiia Descemeti, or elastica 
posterior, is a resistent elastic membrane, conspicuous 
by its thickness in all comeaa. 

(5) The posterior surface of this membrane is 
covered with a mosaic of beautiful polygonal endo- 
thelial cdUy each with an oval nucleus — the en- 
dothelium of Descemet's membrane. Under stimu- 
lation these cells contract. At first they appear 
slightly and numerously branched, but gradually 
their processes become longer and fewer, and 
ultimately they are reduced to minute clumps 
of nucleated protoplasm, each with a few long pro- 
oesse& 

There are no blood-vessels in the normal cornea, 
except in foetal life, when there is underneath the 
anterior epithelium a plexus of capillaries. 

The lymphatics are represented as the inter- 
communicating lymph-canalicular system — ».«., the 
lacunae and canaliculi of the corneal corpuscles ; and 
in connection with these are lymph channels lined 
with a continuous endothelium and containing the 
nerve bundles. 

412. The nerves (Figs. 83, 84, 85) are distri- 
buted as the nerves of the anterior layers, and as 
those of the Desoemet's membrane. The first form 
rich plexuses of fibiillated axis cylinders, with trian- 
gular nodal points (Oohnheim), in the anterior layers of 
the ground substance ; from this plexus pass obliquely 
through Bowman's membrane short branches — the 
rami perforantes (KOlliker) — and these immediately 
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underneath the epithelium break up into their oon- 
stituent primitive fibrils, the latter coming off the 
former brush-like (Oohnheim). These primitive 
fibrillsB ultimately ascend into the anterior epithelium 
(Hoyer, Oohnheim, and others), where they branch, 
and nearly reach the surface. They always run 
between IJie epithelial cells, and are connected into 
a network. According to some observers, they termi- 
nate with free ends, pointed or knobbed ; but according 
to others, with whom I agree, these apparent free ends 
are not in reality free endings. 

413. The nerves of Descemet's membrane form 
also a plexus of non-medullated fibres in the posterior 
layers of the ground substance; from them come 
off vast numbers of primitive fibrillse, running a more 
or less straight and long course, crossing one another 
often under right angles; they give off very fine 
fibrils, which are closely associated with the corneal 
corpuscles, without^ however, really becoming con- 
tinuous with their protoplasm. 

414. IL The sclerotic consists of lamellse of 
tendinous tissue. The bundles of fibrous tissue are 
opaque as compared with those of the cornea, although 
they pass insensibly into them. There are lymph 
clefts between the lamellse and trabecule, and in 
them lie the flattened connective tissue corpuscles, 
which, in the dark eyes of some mammals only, contain 
pigment granules. Numerous elastic fibrils are met 
with in the inner layers of the sclerotic. 

415. Between the sclerotic and choroid membrane 
is a loose fibrous tissue, which acts also as the sup- 
porting tissue for the blood-vessels passing to and from 
the choroid. The part of this loose tissue next 
to the sclerotic, and forming part, as it were, of 
the sclerotic, contains, in dark eyes of mammals, 
numerous pigmented connective tissue corpuscles ; it' 
is then called IcvmvMi fusca. The rest— «.«., next 
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to the choroid membrane — is the supra-choroidal 
tissue. 

416. There are blood-vessels in the sclerotic, which 
belong to it; they are arterioles, capillaries, and 
veins ; in addition to these are the vascular branches 
passing to and from the choroid. 

417. III. The ligamentiiin pectinatum 
Iridis (see Fig. 178) is a conical mass of spongy tissue^ 
joining firmly the cornea and sclerotic to the iris and 
ciliary processes. It forms an intimate connection, on 
the one hand, with the junction of cornea and sclerotic, 
and on the other, with that of the iris and ciliary pro- 
cesses. This ligament is composed of trabeculse and 
lamellae of stiff elastic fibres, forming a continuity, on 
the one hand, with the lamina Descemeti of the cornea 
and the elastic fibres of the sclerotic, and on the other 
with the tissue of the ciliary border of the iri& The 
trabeculse anastomose, so as to form a honeycombed 
plexus, and the spaces in this plexus are lined 
with a layer of flattened endothelial cells, directly 
continuous with the endothelium of Descemet's mem- 
brane on the one hand, and with the layer of endo- 
thelial cells covering the anterior surface of the iris 
on the other hand. In some mammals, the spaces 
in the ligamentum pectinatum near the iris are 
very considerable, and are called the spaces of 
Fontana. 

The interlamellar and interfascicular lymph- 
spaces of the sclerotic form an intercommunicating 
system. 

The nerves form a dense plexus of non-medullated 
fibres in the tissue of the sclerotic (Helfreich). 

At the point of junction of the cornea and sclerotic, 
but belonging to the latter, and in the immediate 
neighbourhood of the ligamentum pectinatum iridis, 
is a circular canal — ^the ca/nal of Schlemm; this is 
lined with endothelium^ and is considered by some 



Chap. XXXVII.] • The Iris. 315 

(Schwalbe) as a lymphatic canal ; by others (Leber) 
as a venous vessel. 

418. IV. The ciUary muscle (Fig. 178) or 
tensor choroidese, is fixed to this ligamentum pecti- 
natmn; it is composed of bundles of non-striped 
muscular tissue. This muscle consists of two parts : 
(a) one of circular bundles nearest to the iris — ^this 
is the portio Miilleri ; (b) the greater part is composed 
of radiating bundles, passing from the ligamentum 
pectinatum in a meridional direction for a consider- 
able distance backwards into the tissue of the choroid 
membrane. It occupies the space between the liga- 
mentum pectinatum, sclerotic, ciliary processes, and 
the adjoining portion of the choroid membrane. 
The bundles of the mujsole are arranged more 
or less in lamellae; within each lamella fiiey form 
plexuses. 

A rich plexus of non-meduUated nerve-fibres, with 
groups of ganglion cells, belongs to the ciliary muscle. 



CHAPTER XXXVII. 

THE IRIS, CILIARY PROCESSES, AND CHOROID. 

419. I. The iris consists of the following layers: — 

(1) The endothelium of the anterior surf ace : trans- 
parent, flattened, or polyhedral cells, each with a 
spherical or slightly oval nucleus; in dark-coloured 
eyes of man and mammals brown pigment granules 
are contained in the cell-substance. 

(2) A delicate hyalina basement membrane : it ia 
continuous through the trabeculse of the ligamentum 
pectinatum, with the membrana Descemeti of the 
oomeo. 
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(3) The substantia propria: this is the ground- 
substance; it consists of fibrous oonnectiye tissue in 
bundles, acoompanjing the blood-vessels, which are 
very numerous in the tissue of the iris. Many 
connective tissue corpuscles are found in the sub- 
stantia propria ; they are more or less branched, and 
many of them contain, in all but albino and blue 
eyes, yellowish-brown pigment granules. The depth 
of the colour varies according to the number of these 
pigmented connective tissue cells, and to the amount 
of the pigment granules present in them. 

(4) A hyaline delicate basement membrane limits 
the substantia propria on the posterior surface ; this 
is an elastic membrane, and is continued over the 
ciliary processes and choroid as the lamina mtreck, 

420. (5) The last layer is the epithelium of the 
posterior surface ; this is a layer of polyhedral cells, 
filled with dark pigment granules, except in albinos^ 
where there are no pigment granules. This endo- 
thelium is called the uvea, or tapetum nigrum. The 
interstitial cement substance between the cells is not 
pigmented, but transparent 

The name ''uvea'' is sometimes applied to the whole 
of the iris, ciliary processes, and choroid membrane. 

In blue eyes the posterior epithelium is the only 
pigmented paiii of the iris, and so it is also in new- 
bo^ children, whose iris appears blua In aU cases 
where the iris appears blue, this is due to the dark 
back — i.e., the pigmented epithelium of the posterior 
surface— being viewed through a dull layer, t.6., the 
substance of the iris. 

421. Near the pupillary border the postenor sec- 
tion of the substantia propria contains a broad layer 
of circular bundles of non-striped muscular tissue : 
this is the sphincter pupiUce, In connection with this 
are bundles of non-striped muscular fibres, passing in 
a radiating direction towards the ciliary margin of the 
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iris : these are the bundles of the dilalalor pupiUte, 

forming a sort of thin membrane near the posterior 

surface of the iris (Henle and others). At the ciliary 

margin the bundles take a 

circuhir direction, and form a 

plexus (Ivanoff), 

422. The blood-vessels 
(Fig, 179) of the iria are 
very numerous. The arteries 
are derived from the circulua 
arteriosus iridls major, situated 
at the ciliary margin of the 
iris, and from the arteries of 
the ciliary processes. These 
arteries run in a radiating 
direction towards the pupillary 
margin, where they terminate 
in a dense network of capillaries 
for the sphincter pupillte. But 
there are also numerous capil- 
lary blood-vessels of a moie or 
less longitudinal direction near 
the posterior surface of the iris. 
The veins accompany the arte- 
ries, and both are situated in 
the middle stratum of the 
Fig. 17B. — Blood-veeeels substantia propria. 
H'ShSoia'M^b.Sl In tbo sheath of the blood- 

ot tha EjB of a Child, vesscls are lymph chftg and 
*rm^«r™t.j° *M^^ ^y«y'* ^nuaeg; there appear to 
X^'ot^tbtri\ii^"'v'^ ^ no other lymphatics. 
SwI-fSl/fSSSifcr'^m- 423. The nerve-fflbres 

5S^1i£SiiE£lr.«!aSSi are very numerous {Arnold, 
Formad), and in the outer or 
ciliaty portion of the iris form a rich plexus, from 
which are derived, (a) networks of non-medullated 
fibres for the dilator pupillee; (i) a network of fine 
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non-medullated fibres for the anterior surface ; and 
(c) a network of non-medullated fibres for the 
sphincter pupillse. 

The capillary blood-vessels are also accompanied 
by fine nerve-fibres (A. Meyer), and, according to 
Faber, there exist ganglion cells in these nerve net- 
works 

424. IL The ciliary processes are similar in 
structure to the iris, except, of course, that they do 
not possess an anterior endothelium or an anterior 
basement membrana The svhsiamJtia propria is 
fibrous tissue with elastic fibres and numerous 
branched cells, pigmented in dark (but not in blue) 
eyes. The posterior basement membrane is very 
thick, and is called the lamina vUrea; in it may be 
detected bundles of fine fibrils. It possesses perma- 
nent folds arranged in a network (H. Miiller). The 
inside of it is covered with a layer of pigmented poly- 
hedral epithelium, the tapetimi nigrwm : the cells are 
polygonal when viewed from the surface. The in- 
dividual cells are separated by thin lines of a trans- 
parent cement substance. This pigmented epithelium 
is covered with a layer of transparent columnar 
epitheloid cells, each with an oval nucleus. These are 
closely fixed on the tapebum nigrum, and are the 
continuation of the retina over the ciliary processes : 
this is the pars cUia/ria retiruB (Fig. 180). 

425. The arterial branches for the ciliary processes 
and muscle are chiefly derived from the circulus arte- 
riosus iridis major, and form a dense network of 
capillaries for the former; each ciliary process pos- 
sesses a conical group of capillaries (Fig. 179). 

426. III. The choroid membrane consists — 
counting from outwards, i. 6., from the sclerotic, inwards, 
».e., towards the retina — of the following layers : — 

(1) The membiuna supra-choroidea. This is a 
continuation of the sclerotic, with which it is identical 
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in etrueture ; the spaces between its lamellse are 
lined with endotheliujn, and represent lymph spacea 
(Schwalbe). 

(2) Next follows an elastic layer which contains 
networks of elastic fibres, the branches of the arteriea 









and veins, and, in its enter poHion, pigmented cells 
(Fig. 181). 

427. (3) Then follows the membrana chorio- 
capillaris, a dense network of capillary blood-veaBels 
embedded in a tissue containing numerous branched 
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and imbranched pigmented and unpigmented con- 
nective-tissue eells. 



i4) The lamina vitrea ; and, finally, 
5) 



.^?^', 





The tapetum nigrum, or the pigmented epithe- 
lium, which, however, is considered part of the 
retina. In the region of the ora serrata of the 
retina — t.e., next to 
the cUiary processes 
— also this zone of the 
choroidea is lined 
with a layer of trans- 
parent, columnar, 
epitheloid cells, re- 
presenting the pars 
ciliaris retinse. 

428. The arterisB 
ciliares breves and recurrentes, situated in the outer 
pait of the choroidal tissue, form ultimately the dense 
networks of capillaries for the chorio-capillaries. The 
veins derived from this pass into the outer part of 
the choroid, where they anastomose so as to form the 
peculiar large veins, which are called the venae 
vorticosse. 



Pig. 181.— Pigmented Connective Tissae 
Cella of the Choroid Coat. (Atlas.) 



CHAPTER XXXVIII. 

THE LENS AND VITREOUS BODY. 

429. (1) The lens consists of a thick, firm, elastic 
capsule and of the lens substance. The former shows 
fine longitudinal striae, and diminishes in thickness 
towards the posterior pole of the lens. The surface 
of the capsule facing the anterior surface of the lens- 
substance is lined with a single layer of polyhedral, 
granular-looking, epithelial cells, each with a spherical 
or oval nucleus. This epithelium stops as such at the 
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margin of the lens, where its cells, gradually elonga- 
ting, pass into the lens-fibres. The nuclei of these 
lie in a curved plane belonging to the anterior half of 
the lens : this is the nuclear zone. The lens-substance 
consists of the lens-fibres. These are band-like, hexa- 
gonal in transverse section ; their outline is beset 
with numerous fine ridges and furrows, which in 
neighbouring fibres, fitting the one into the other, 
form a firm connection between the fibres (Valentin, 
Henle, Kolliker, and others). The fibres of the 
peripheral portion are broader and thicker, and their 
substance less firm than those of the centre — i.e., of 
tlie lens-nucleus. The substance of the lens-fibres is 
finely granular and delicately and longitudinally 
striated. 

430. The lens fibres (Fig. 182) are arranged in 
concentric lamellae, each consisting of a single layer of 

fibres joined by their broad 
surfaces. Each fibre is slightly 
enlarged at the extremities ; 
and in each lamella the fibres 
extend from the anterior to the 
posteiior surface. Their ex- 
tremities are in contact with 
the ends of the fibres of the 
same lamella in the sutures, or 
the rays of the so-called le7is 
stars. In the lens of the new- 
born child, the stars of both 
anterior and posterior lamellae 
possess three such rays, while 
in the adult each of these rays 
has secondaiy rays. In these 
rays there is a homogeneous tliin layer of an albu- 
minous cement substance ; a similar substance in 
minute quantity is also present between the lamellae, 
and in it occui* smaller or larger clefts and channels, 
v— 1 




Fig. 182.— Prom a Section 
through the Lens of 
Dog. 

Showing four lamellse ; in 
oafh tbf (omponent lens- 
flbres are out across; they 
apiK'ar as flattened hexa- 
gons. (.Alias.) 
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which evidently carry the nutritious fluid for the lens- 
fibres. 

431. (2) The vitreous body is a fluid substance 
enclosed in a delicate hyaline capsule — the rtienihrana 
hycUoidea. This membrane, at the margin of the 
fossa patellaris of the vitreous body — i.e., the fossa in. 
which the lens is lodged — ^and without covering this 
fossa^ passes as the zonula ciliaris, or zonula Zinnii, or 
suspensory ligament of the lens, to the margin of the 
latter, to which it is firmly adhering. So it adheres 
also to the surface of the ciliary processes. The 
zonula Zinnii is hyaline and firm, and is strengthened 
by numbers of bundles of minute stiff fibrils. 

Between the suspensory ligament of the lens, the 
margin of the lens and of the fossa patellaris is a 
circular lymph space, called the canalis Petiti. 

Beneath the membrana hyaloidea are found iso- 
lated nucleated granular-looking cells (the subhyaloid 
cells of Ciaccio), possessed of amoeboid movement 
(Ivanoff). 

432. The substance of the corpus vitreum appears 
differentiated by clefts, concentric in the peripheral, 
radiating in the central part (Briicke, Hannover, 
Bowman, Ivanoff, Schwalbe). But these do not 
contain any distinct membranous structures (Stilling, 
Ivanoff, Schwalbe). 

The canalis hyaloideus, or canal of Stilling, extends 
from the papilla nervi optici to the posterior capsule 
of the lens, and is lined, with a continuation of the 
membrana hyaloidea. 

433. In the substance of the corpus vitreum occur 
isolated nucleated cells, possessed of amoeboid move- 
ments, and some contain vacuoles, indicating com-* 
mencing degeneration. They are all identical with 
white blood-corpuscles (Lieberkiihn, Schwalbe). 

Fine bundles of fibrils are occasionall}^ seen in the 
substance of the vitreous body. 



CHAPTER XXXIX. 

THE RETINA. 

434. THEi;etintt(Fig. ]83)consistaof iliefollowing 
layei-s, counting fi-om inwards towai-ds the choroid mem- 
brane:— fl) The 
membraiia limitans 
interna, which is 
next to the mem- 
brana hyaloidea of 
the vitreous body ; 
(2) tlie nerve-fibre 
layer; (3) the layer 
of ganglion cells ; 
(i) the inner giun- 
nlaror inner mole- 
cular layer; (5) the 
layer of inner 
nuclei ; (6) the 
outer granular, or 
outer molecular, or 
intemuclear layer ; 
(7) the layer of 
outer nuclei ; (f<) 
the meaibrana 
limitans externa ; 
(9) Uie layer of 
iim ™(l8 and cones ; 
I*"* and (10) the pig- 
» ,1 ^. , mented epithelium 

of (,h6 retina, or the tapetum nigi-um mentioned above 

i? JT"- k' *''t "^""^ *''"^' *''^ ^'^"«'' l™ing epithe- 
lium of the choroid membrane. 



Fig. 163.-Irom 
ttirough the Ej 
Portion of Setl 



mmm; *■ llw Jafcr'o/ou 
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435. From this avi-angeiuetit is excepted — (a) tlie 
l>a|tilla uervi optici, (h) ttie luacula lutea and fov»» 
centralis retime, iuid (c) tlie ora seiTHta of tLe retina. 

(a) The papilla iiervi optici, or the bluid Bjxtt of 



■ Fig. Igs ,— Disjnuu ot tl 



tlio retina, I'epreseiits tlie entrance of tlie optic nerve- 
fibres into the retina ; thence, lis from a centre, 
they spread out in a radiating direction into the 
■shaped retina, of which they form the iutenial 
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layer. No other elements of the retina are present at 
the papilla, except a continuation of the limitans 
interna. At the papilla nervi optici the arteria and 
vena centralis nervi optici also enter, and spread 
out with their branches in the inner layers of the 
retina. A large lymph space is also found there. 

(6) The macula lutea and fovea centralis will be 
considered after the various layers of the retina have 
been described. 

(c) At the ora serrata all cellular and nuclear 
elements of the retina— except the pigmented epithe- 
lium — and the nerve-fibres, come to an end; but the 
limitans interna, with its peculiar radial or Miiller's 
fibres, is continued over the ciliary processes in the 
shape of columnar epitheloid nucleated cells men- 
tioned above : this is the pars ciliaris retinae. 

436. Structure of the layers of the retina (Figs. 
184, 185). 

(1) The membrana limitans interna is 
composed of more or less polygonal areas, which are 
the ends or bases of pyramidal, finely-striated fibres 
— the radial fbres of Midler, Each raidial fibre passes 
from the limitans interna in a vertical direction 
through all layers to the limitans exbema, and on its 
way gives off numerous lateral branchlets, fibrils, and 
membranes, which anastomose with one another so as 
to form a honeycombed stroma or matrix for all 
cellular and nuclear elements of the retinal layers. 
In the nerve-fibre layer the radial fibres are thickest, 
this being, in fact, the pyramidal basis ; in the inner 
nuclear layer each possesses an oval nucleus. 

437. (2) The layer of nerve- fibres.— -The 
optic nerve-fibres at their entrance into the eyeball 
lose their medullary sheath, and only the transparent 
axis cylinder is prolonged into the retina. In man, 
medullated nerve-fibres in the retina are very excep- 
tional j in the rabbit there are two bundles, whose 
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fibres retain their medullary sheath in the retina 
(Bowman). The nerve-fibres remain gi-oiiped in 
bundles in the retina, and even form plexuses. For 
obvious reasons, the number of nerve-fibres in the 
nei've-fibre layer diminishes towards the ora serrata. 

438. (3) The layer of gaiii^lion cells.— ^There 
is one stratum of these cells only, except in the 
macula lutea, where they form several strata. Each 
cell is multipolar, and possessed of a large nucleus. 
One process is directed inwards and becomes con- 
nected with a fibre of the nerve-fibre layer. Several 
processes pass from the opposite side of the cell, and 
enter the next outer layer, t.6., the inner molecular 
layer. 

According to Max Schultze and others, they break 
up there into a I'eticulum of fibrils which is part of 
this molecular layer ; but according to Retzius, Mans, 
and Schwalbe, they simply pass through the inner 
molecular layer. 

The ganglion cells are separated from one another 
by the radial fibres of MUller. 

439. (4) The inner molecular layer is a 
fine and dense reticulum of fibrils, with a small 
amount of granular matter between. The fibrils are 
connected with lateral branchlets of the radial fibres 
of M tiller. This layer is, on account of its thickness, 
a conspicuous part of the retina. In lower vertebrates 
it appears stratified. 

440. (5) The inner nuclear layer contains in 
a honeycombed matrix of a hyaline stroma numerous 
nuclei, in two, three, or four layers. In the am- 
phibian retina these form a larger number of layers. 
Some oblong nuclei of this layer belong, as has been 
mentioned above, to the radial fibres of MUller. 
Next to the molecular layer are small nuclei belonging 
to flattened branched cells (Vintschgau). But the 
great majority of the nuclei of this layer are slightly 
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oval, with a reticuium in their interior. Each belong. 
to a spindle-shaped eel), with a small amount of proto- 
plasm around the nucleus ; it is, in fact, a bipolar gang- 
lion cell (Max Schultze), of which one process (the 
inner) passes as a fine varicose fibre into and through 
the inner molecular layer, to become connected with 
the outer processes of the ganglion cells (Retzius, 
Schwalbe), while the other or outer process passes into 
and through the next outer layer of the retina. 

(6) The outer molecular layer is of exactly 
the same structure as the inner molecular layer — «.«., 
a fine reticulum of fibrils — but is considerably thinner 
than the latter. 

441. (7) The outer nuclear layer contains, in 
a honeycombed matrix, a large number of oval nuclei. 
In the retina of man and mammals these nuclei are 
always present in considerably greater numbers or 
layers than those of the inner nuclear layer, but in 
the amphibian animals the reverse is the case. They 
are smaller than the nuclei of the inner nuclear layer, 
and show often a peculiar transversely-ribbed differ- 
entiation of their contents (Henle, Krause). The 
honeycombed matrix of this layer is in connection 
with lateral branch! ets of the radial fibres of Miiller, 
with which it forms a sort of limiting delicate mem- 
brana propria at the outer surface of the layer ; 
this is 

442. (8) The Umitans externa. — The nuclei of 
the outer nuclear layer next to this limitans externa are 
connected, in the retina of man and mammals, with 
the cones, while the nuclei farther inwards from the 
limitans externa are connected with the rods. In 
both instances the connection is established through 
holes in the limitans externa. Each nucleus of 
the outer nuclear layer is, in reality, that of a 
spindle-shaped cell with a minute amount of proto- 
plasm ; this is prolonged outwards, as the outer part 
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of the rod- or cone-fibre, to become connected with a 
rod or cone respectivelj, while inwards it passes into 
a longer, more conspicuous fibre, the inner part of the 
rod- or cone-fibre. This branches, and penetrating 
into the outer molecular layer, is lost with its 
branchlets among the fibrils of this layer. 

443. (9) The rods and cones. — Each rod is 
of cylindrical shape, with rounded or conical outer 
extremity ; it consists of an outer and inner member, 
joined by linear cement. Its substance is bright and 
glistening, and that of the outer member is composed 
of the neurokeratin of Kiihne and Ewald In 
the fresh state the outer member shows a more or 
less fine and longitudinal striation, due to longitudinal 
fine ridges and furrows (Hensen, Max Schultze). 
After certain reagents, such as serum, liquor potassie, 
the outer rod-member disintegrates into numerous 
transverse, thin, homogeneous-looking discs (Hannover). 
The inner member in the huinan rods is slightly 
broader than the outer ; it is pale or finely and longi- 
tudinally striated, and contains in many instances a 
peculiar lenticular structure ; in the human and 
mammalian retina this is absent, but in its stead is a 
mass of longitudinal fibrils (Max Schultze). The 
inner member passes through a hole in the limitans 
externa, and becoming thinner, represents the outer 
part of the rod-fibre. 

444. Each con/e is composed of an outer, short, 
pointed, conical member, and an inner larger member 
with convex surface: this is the hody of the cone. 
The outer member of the cone separates under, certain 
conditions also into thin transverse discs. The body 
of the cone is longitudinally and finely striated. 
The outer extremity of the body of the cones in 
many birds, reptiles, and amphibia contains a spheri- 
cal corpuscle of red, orange, yellow, green, or even 
blue colouration. 
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The cones are shorter than the roils, the pointed, 
end of the former not reaching 
much farther than the junction 
between the outer and inner 
members of the rods. 

In the macula lutea and 
fovea centralis of ronn and 
most mammals there are pre- 
sent cones only, and towards 
the peripheral portion of the 
i-etina they gradnally de- 
crease in numbers; in the 
peripheral part there are only 
rods. But in birds the cones 
exceed the rods everywhere. 

In the bat and mole the 
macula lutea possesses no 
cones, and in the owl, rat, 
mouse, guinea-pig, and rabbit, 
they are few and small 

445. The outer membera 
of the rods (only) contain in 
the fresh and living state a 
peculiar diffuse purplish colour 
(Leydig, Boll, Kuhne) : this 
is the visual purple or Ehod- 
opsin of Kiihne. When 
exposed to sunlight it 
log v,.....^! B.^ passes through red, orange, 
and yellow, and finally 
disappears altogether — be- 
comes bleached. There is 
no visual purple in the rods 
of Ehinolophus hipposideros, 
fowl and ]ngeon ; in those 
retinm in which the cones 
contain coloured globules (see 



through the Frog' 
B.IT"' jiIgjnrntHl I 



of (lieunR 
DiTr«-1lbm 



lnifTl 



".iir 



330 Elements of Histology, (Chap. xxxix. 

above) the surrounding i-ods are wanting in the visual 
purple. 

The visual purple stands in an intimate relation to 
the pigmented epithelium of the retina, since a 
retina regains its visual purple after bleaching, when 
replaced on the pigmented epithelium (Kiihne). This 
holds good, of course, only within certain limits. 

446. (10) Tbe pigmented eptttaelimn (Fig. 
186), or tapetum nigrum, is composed of polygonal pro- 
toplasmic cells, which, when viewed from the surface, 
appear as a mosaic, in which they are separated from 
one another by a thin layer of cement substance. Each 
cell shows an outer non-pigmented part, containing the 
slightly-flattened oval nucleus, and an inner part next to 
the rods and cones, which is full of pigmented crystalline 
rods (Frisch). This part is prolonged into numerous 
fine fibrils, each containing a row of the pigmented 
particles, and these fibrils pass between the outer 
members of the rods, to which they closely adhere, and 
which in reality become almost entirely ensheathed 
in them (M. Schultze). Each cell supplies a number 
of rods with these fibrils. Sunlight causes a protru- 
sion of these fibrils from the cell body, whereas in 
the dark they are retracted (Kiihne), in a manner 
similar to what takes place in pigmented connective 
tissue cells. (See par. 43.) The tint of this pigment 
is darker in dark than in light eyes. It is bleached 
by the light in the presence of oxygen (Kiihne), but 
it persists in the absence of oxygen (Mays). 

447. The macula lutea (Fig. 187) of man and 
ape contains a diffuse yellow pigment, between the ele- 
ments of the retina (M. Schultze). In man and most 
mammals, as mentioned above, there are hardly any 
rods here, but cones only ; these are longer than in 
other parts, and in the fovea centralis they are 
longest, and, at the same time, very thin. Since there 
are only cones here, the nuclei of tbe outer nuclear 
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layer are iimited to a vevy few layers (generally about 
two) next to the niembrana liniitaiis ext«ma. For 
tliis reason, the rest of tlie outer nuclear layer is 
occupied by the cone-fibres only, which in the fovea 
centralis pass in a slanting, or almost horizontal. 



Fig. 187-— Frnni t, Vertlfsl Seotion throngh Um Mscnlk LuUa and 
Fovea Centislig. 

direction sideways into the outer molecular layer. 
The ganglion cells form several strata in the macula 
liitea. In the fovea eentrafb are present the cones 
(very long and thin), the limitans externa, the few 
nuclei representing the outer nuclear layer, a thin 
continuation of the inner molecular layer, and. the 
limitans interna. 

448. In the embryo, the primary optic vesicle 
becomes invaginated so as to form the optic cup, 
which consists of two layers — an outer, giving oiigin 
to the pigmented epithelium ; and an inner, the retina 
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proper. In this latter the rods and cones, with their 
fibres and the nuclei of the outer nuclear layer, are 
represented by columnar epithelial cells (the sensory 
epithelium), while all the other layers — i.c., the outer 
molecular, inner nuclear, inner molecular layer, gan- 
glion-cells, nerve-fibres, and limitans interna — are re- 
presented by a separate layer : Briicke's tunica nervea 
or Henle's stratum nerveum. 

449. The blood-vessels of the retina. The 
branches of the arteria and vena centralis of the optic 
nerve can be traced into the retina in the layer of 
nerve-fibres and ganglion-cells, while the capillaries 
connecting the arteries with the veins extend as far 
as the outer molecular layer. 

The Ijrmphatics of the retina exist as perivascular 
lymphatics of the retinal veins and capillaries (His). 
Lymph channels are present in the nerve-fibre layer. 

450. The lamina cribrosa is the part of the 
sclerotic and choroid membrane through which the optic 
nerve-fibres have to pass in order to reach the papilla 
nervi optici. In the optic nerve the fibres are grouped 
in larger or smaller groups — not bundles in the sense 
of those present in other nerves and surrounded by 
perineurium (see a former chapter) — surrounded by 
septa of connective tissue, and these groups pass 
through corresponding holes of the sclerotic and choroid. 

451. The op lie nerre possesses three sheaths, 
composed of fibrous connective tissue : an outer, or 
dural ; a middle, or arachnoidal ; and an inner, or 
pial, sheath — all continuations of the membranes of 
the brain. The pial sheath is the perineurium, the 
optic nerve being comparable to a compound nerve- 
bundle (see a former chapter). The dural sheath of the 
optic nerve, at its entrance into the lamina cribrosa, 
passes into the outer strata of the sclerotic, while the 
arachnoidal and pial sheaths pass into the inner strata 
of the sclerotic. Outside the dural sheath is a lymph- 
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8pace — the bupra vaginal space ; and also between these 
various slieaths are lymph spaces — the subdural or 
subvaginal space of Schwalbe, and the subarachnoidal 
space. The supravaginal and subvaginal spaces anas- 
tomose with one another (Michel). 

452. Around the sclerotic is a lymph space limited 
by a fibrous membrane — the Terwnian capsule : the 
space is called the Tenonian space. The supravaginal 
space anastomoses with this Tenonian space, and into 
it pass also the lymph clefts in the suprachoroidal 
tissue (Schwalbe), by means of the lymph canalicular 
system of the sclerotic (Waldeyer). The supracho- 
roidal lymph spaces communicate also with the sub- 
arachnoidal space of the optic nerve. 



CHAPTER XL. 

THE OUTER AND MIDDLE EAB. 

453. The meatus auditorius externus is lined with 
a delicate skin, in structure identical with, but thinner 
than, the skin of other parts. The ceruminous 
glands have been mentioned and described before. 
The cartilage of the auricula and its continuation into 
the meatus auditorius externus is elastic cartilage. 

454. The membrana tympani separating the 
outer from the middle ear has for its matrix a firm 
stratum of stiff trabeculse of fibrous connective tissue, 
with numerous elastic fibrils and elastic membranes. 
This is the middle and chief stratum of the membrane : 
outwards it is covered with a delicate continuation oi 
the skin of the meatus auditorius externus, and inwards 
with a continuation of the delicate mucous membrane 
lining the cavum tympani. In the middle stratum of 
the membrana tympani the trabeculse radiate more or 
less from the junction of the manubrium mallei with 
the membrane ; but towards the periphery many are 
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also arranged in a circular direction. The former 
belong to the outer, the latter to the inner, portion of 
the middle stratum. 

The mucous membrane lining the tympanic surface 
of the membrane is delicate connective tissue, covered 
with a single layer of polyhedral epithelial cells. 

The blood-vessels form capillary networks for all 
three layers — 1.6., a special network for the skin 
layer, a second for the middle stratum, and a third one 
for the mucous layer ; the lymphatics are also arranged 
in this way. An intercommunicating system of lym- 
phatic sinuses and clefts (Kessel) is left between the 
trabeculae. The non-medullated nerve-fibres form 
plexuses for the skin and mucous ?ayer ; from these 
pass off fine fibrils, which form a sub-epithelial net- 
work, and from this the fibrils pass into the epitheUum. 

455. The tuba Gustachii is lined with a 
mucous membrane, which is a continuation of that 
lining the upper part of the pharynx, and therefore, 
like it, is covered on its inner or free surface with 
columnar ciliated epithelium. As in the pharynx, so 
£jso here, we find a good deal of adenoid tissue in the 
mucous membrane. 

The cartilage of the tuba Eustachii in the adult ap- 
proaches in structure the elastic cartilages of other parts. 

456. The caTiini tympani, including the cellulse 
mastoidese and the surface of the ossicula auditus, is 
lined with a delicate connective tissue membrane. Its 
free surface is covered with a single layer of poly- 
hedral epithelial cells in the following regions : on 
the promontory of the inner \vall of the cavity, on tlie 
ossicula auditus, on the roof of the cavity, and in the 
cellulse mastoidese; in all other parts it is columnar cili- 
ated epithelium, like that lining the tuba Eustachii. 

457. The three ossicula auditus are osseous 
substance covered with periosteum, which is covered 
with the delicate mucosa just described. The liga- 
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ments of the bones are, like other ligaments, made up 
of straight and parallel bundles of fibrous connective 
tissue. The articulation surface of the head of the 
malleus, of the incus, of the extremity of the long 
process of the incus, and of the stapes, are covered 
with hyaline (articular) cartilage. 



CHAPTER XLL 

THE INTERNAL EAR. 

458. The osseous labyrinth consists of the vesti- 
bule, prolonged on one side into the cochlea, and on 
the other into the three semicircular canals, each of 
which possesses an ampulla at one extremity. The 
vestibule shows two divisions — ^the fovea hemispherica 
next to the cochlea, and the fovea hemieUiptica next 
to the semicircular canals. The cochlea consists of 
two and half turnings twisted round a bony axis — the 
modiolus. From this a bony lamina extends towards 
the outer wall for each turn, but does not reach it : 
this is the lamina spiralis ossea. It extends through 
all turns, and it subdivides the cavity of each turn 
into an upper passage, or scala vestibuli, and a lower, 
or scala tympani. At the top of the cochlea the two 
scalse pass into one another by the helicotrema. The 
scala vestibuli opens into the fovea hemispherica, 
while the scala tympani at its commencement — i.e., 
at the proximal end of the first turn — would be in 
communication, by the fenestra rotunda, with the 
cavum tympani, were it not that this fenestra rotunda 
is closed by a membrane — the secondary membrane. 

459. The semicircular canals start from, and return 
to, the fovea hemieUiptica of the vestibule. 

The fenestra ovalis leads from the cavum tympani 
into the vestibule — its hemispheric division; and this 
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fenestra oralis is, in the fresh condition, filled out by a 
membrane, in which the basis of the stapes is fixed, 
the cii'cumference of this being nearly as great as that 
of the fenestra. 

460. The osseous labyrinth in all parts consists of 
ordinary osseous substance, with the usual periosteum 
lining its outer surface and its inner cavities. These 
cavities contain the albuminous fluid called perilymph. 
But they are not filled out by this, since, in each of 
the two divisions of the vestibule, in each of the 
semicircular canals, and in the cochlea, is a mem- 
branous structure, analogous in shape to the corre- 
sponding division of the labyrintL These membranous 
structures possess a cavity filled with the same albu- 
minous fluid as above, called the eTidolymph, These 
structures are disposed thus — in the fovea hemispherica 
is a spherical sac, called t}ie saccule; in the fovea 
hemielliptica is an elliptical sac, the utricle; in each of 
the three semicircular canals is a membranous semi- 
circular tube, which possesses also an ampulla corre- 
sponding to the ampulla of the bony canal. 

461. In the cochlea is a membranous canal, tri- 
angular in cross-section — the scala media or cochlear 
duct — which also twists two and half times from the 
basis to the apex of the cochlea, and is placed against 
the end of the lamina spiralis ossea so as to occupy a 
position between the peripheral part of the soala vesti- 
buli and scala tympani. 

462. The different divisions of the membranous 
labyrinth are connected with one another in this 
manner : the three semicircular (membranous) canals 
open into the utricle ; this does not form a direct con- 
tinuity with the saccule, but a narrow canal comes off" 
both from the saccule and utricle; the two canals 
join into one minute membranous tube situated in the 
aquoductus vestibuli. At its distal end it enlarges 
into the saccus endolymphaticus, situated in a cleft of 
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tho dura mater, covering the posterior surface of the 
petrous bone. The saccule is in communication ^vith 
the cochlear canal or scala media, by a short narrow 
tube — the canalis reuniens of Reichert. Thus the 
cavity of the whole membranous labyrinth is in 
direct communication throughout all divisions, and it 
represents the inner lymphatic space of the labyrinth. 
There is no communication between the perilymph 
and endolymph, and the cavity of the membranous 
labyrinth stands in no direct relation to the cavum 
tympani, since the fenestra ovalis and fenestra rotunda 
both separate the perilymphatic space, or the cavity 
of the bony labyrinth, from the cavum tympani The 
vibrations of the membrana tympani, transfeiTed by 
the ossicula auditus to the fenestra ovalis, directly 
affect, therefore, only the periljrmph. The fluctuations 
of this pass from the vestibule, on the one side, 
towards and into the perilymph of the semicircular 
canals ; and on the other side, through the scala 
vestibuli, to the top of the cochlea, then by the heli- 
cotrema into the scala tympani, and find their conchi- 
sion on the membrana secundaria closing the fenestra 
rotunda. On their way they affect the membrane of 
Reissner, which separates the scala media from the 
scala vestibuli, and also the membrana basilaris separ- 
ating the scala media from the scala tympani ; the 
vibrations of these membranes affect the endolymph, 
and therefore the nerve- endings (see below). 

463. Structure of semicircular canals, 
utricle and saccule. — The membranous semi- 
circular canals are fixed by stiff bands of fibrous 
tissue to the inner periosteum of the one (convex) 
side of the osseous canal, so that towards the concave 
side there is left the space for the perilymph. A 
similar condition obtains with regard to the saccule 
and utricle, which are fixed by the inner periosteum 
to one side of the bony part, 
w— 1 
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The structure of the wall is the same in the semi- 
circular canalti, utricle and saccule. The above-men- 
tionwl fibrous ligaments nf the periosteum form an 
oatfT coal ; inside this is a glassy- looking («nrc« 
propria. At one side {the one away from the bone) 
this tunica propria fomiB numerous papillary projec- 
tions. Tlie internal 
surface of the mem- 
brane is covei-ed with a 
single layer of poly- 
hedral epithelial cells. 

464. Each of the 
branches of the nervus 
vestibwli — i.e., one for 
the saccule, one for the 
utricle, and three for 
the three ampullie— 



swelling. The nerve- 
branch, having passed 
through the membra- 
nous wall, enters 

special thickenings of 

the tunica propria, on j.^^_ ]B8.-F™msTrinif.«BeSi«U™ 
that part of the mem- ^™°?'',*!if ¥'^^?^'^^ 
nranoua wall next to pig. 

the bone; in the sac- ., MMuiiiieaiwrypn^.toiming pipi- 
cule and utricle the Mie Mii«BTPpitii»iiumiaimni»min«lr): 
thickening is called inng''»Sdiiory Ki™ BrojMiinjieiw*™ 
maevla aciistica, in the tree airiti-f. (Aiisa.) 
ampullfe cri»la acitaticn 

- (Fig. 188) (M. Schultze). This thickening is a lai^ 
villous or fold-like projection of the tunica propria, 
into which pass the nerve-fibres of the several 
branches. These fibres are all medullated nerve 
fibres, and, ascending towards the internal or 
free sui'face of that projection, form a plexus. In 
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fchis plexus are interspersed numerouB nuclei. From 
the meduUated fibres pass off minute bundles of 
primitive fibrillae, which enter the epithelium that 
covers the free surface of the projection. 

^^^. This epithelium is composed of a layer of 
columnar or conical cells, between which are wedged 
in spindle-shaped cells; both kinds possess an oval 
nucleus. According to Max Schult'ze and others, each 
of the spindle-shaped cells is connected by its inner 
process with the nerve-fibrillae coming from under- 
neath ; whereas, towards and beyond the free surface, 
its outer process is prolonged into a long, thin, stiff, 
attditory haw. Max Schultze, therefore, calls the 
columnar cells epithelial; the spindle-shaped ones, 
sensory, 

Eetzius, on the other hand, maintains that, in the 
case of fishes at any rate, the epithelial cells are those 
which are connected each with a bundle of nerve- 
fibrillse, and that each sends out over the internal free 
surface a bundle of fine stiff hairs — the auditory hairs. 
The spindle-shaped cells of Max Schultze, according 
to this theory, are only supporting cells. The free 
surface of the epithelium is covered with a homo- 
geneous cuticle, perforated by holes which correspond 
to the epithelial cells and the auditory hairs. 

On the internal surface of the macula and crista 
acustica are found the otoliths, rhombic crystals, and 
amorphous masses, chiefly of carbonate of lime, em- 
bedded in a gelatinous or granular-looking basis. 

466. The cochlea (Fig. 189), as has been men- 
tioned above, consists also of a bony shell and a 
membranous canal, the former surrounding the latter 
in the same way as the bony semicircular canal does 
the membranous — i.e., the latter is fixed to the outer 
or convex side of the former. The difference between 
the cochlea and the semicircular canals is this, that in 
the cochlea there is a division of the perilymphatic 
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space by an osseous projection — the lamina spiralis 
ossea — and bj the scala media into two scalae, viz., the 
(upper) scala vestibuli, and the (lower) scala tympani. 

467. In the osseous modiolus are numerous 
parallel canals for bundles or groups of the fibres of 
the cochlear branch of the auditory nerve ; these 
canals open into the poms internus, in which lies a 
large ganglion connected with the nerve. 

The nerve bundles are situated in the canals of the 
modiolus, and opposite the lamina spiralis ossea are 
connected with ganglionic masses — composed of bipolar 
ganglion cells — called the ganglion spirale of Corti 
From this ganglionic mass the nerve-fibres (all medul- 
lated) can be traced into the lamina spiralis ossea, in 
which they form rich plexuses extendiog to its outei 
margin — i.e., as far as the membrana basilaris of the 
scala media (see below). 

468. From the margin of the lamina spiralis ossea 
to the external bony shell extends the membrana basi 
laris (Fig. 189), forming the lower and chief wall of 
the scala media, while the upper wall of the canal is 
formed by the membrane of Reissner, extending 
under an acute angle from near the margin of the 
lamina spiralis ossea to the outer bony shell. 

On a transverse section through the scala media 
we see the following structures : — 

469. (1) Its outer i¥all is placed close against 
the periosteum lining the internal surface of the bony 
shell; it consists of lamellar fibrous tissue, with 
numerous stiff elastic bands, and is the vestibular 
part of a peculiar ligament — the ligamentum spirale 
(Kolliker) — semi-lunar in cross section, and with its 
middle angular projection fixed to the outer end of 
the membrana basilaris. 

470. (2) Its inner waU is represented by an 
exceedingly delicate membrane — the membrane of 
Reissner; this is also its upper wall, extending under 
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an acute angle from the upper outer angle of the scala 
media to the lamina spiralis ossea. But here it is not 
fixed on the osseous substance, but on a peculiar pro- 
jection on this latter — the cri^a apiralis (Fig. 189, m), 
which is a sort of tissue intermediate between fibrous 
and osseous tissue, and is added to the vestibular 
Bur&u;e of the lamina spii-alis ossea. This crista spiralis 
has on one sui-face — i.e., that directed towards the 
scala media — a deep sulcus, called the sulcus spiralis, 
or sulcus spiralis intemus; so that of the crista 
spii*alis there are two labia to be distinguished — the 
labium vestibulare and the labium tjmpanicum ; the 
former being the upper, the latter the lower, boundary 
of the sulcus spiralis. 

471. (3) The loiver ivall of the scala media 
is the membrana basilai'is, extending in a straight 
line between the labium tjmpanicum of the crista 
spiralis and the above-mentioned projection of the 
ligament um spirale. The scala media is lined on its 
whole internal surface with epithelium, this only 
being derived from the epithelium forming the wall 
of the auditory vesicle of the embryo, peculiarly 
modified in certain places. The scala tympani and 
scala vestibuli ai*e likewise lined with a continuous 
layer of flattened cells — an endothelium, which on 
the lower or tympanic surface of the membrana 
basilaris is somewhat modified, being composed of 
granular-looking irregular cells. 

472. As regards the scala media, the epithelium 
lining its internal surface is of the following aspect : — 
Starting with the lower outer angle — i.e,, where the 
membrana basilaris is fixed to the ligamcntum spirale 
— we find a single layer of polyhedral or short 
columnar transparent cells, linihg this outer angle — 
the cells of Claudius ; ascending on the ligamentum 
spirale, the cells become shorter, more squamous ; as 
such they are found over a slight projection on thp 
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outer wall — ^.6., the ligamentum spirale accessorium — 
caused by a small blood-vessel, the vas prominens. 

473. Then we come to the stria vascularis^ 

liniug nearly the upper two-thirds of the outer 
wall of the scala media. It consists of a layer of 
columnar and spindle-shaped epithelial cells, between 
which extend capillary blood-vessels from the liga- 
mentum spirale, and in some animals (guinea-pig) 
clumps of pigment granules are found between 
them. 

474. Then we pass from the upper angle of the 
scala on to the membi*ane of Beissner. This consists 
of a homogeneous tliin membrana propria, covered on 
its outer vestibular surface with a layer of flattened 
endothelium, and on its inner surface — i.e., that facing 
the scala media — with a layer of less flattened, smaller, 
polyhedral epithelial cells. 

475. We come next to the vestibular labium of 
the crista spiralis, on which are found cylindrical 
horizontal projections anastomosing with one another : 
these are the auditory teeth • (Huschke). The epi- 
thelium of Reissner's membrane is continued into the 
grooves and pits between the auditory teeth as small 
l)olyhedral cells, but over the teeth as large, flattened, 
squamous cells, which, passing on, line the sulcus 
spiralis, and cover also the tympanic labium of the 
crista spiralis. Now we arrive at the membrana 
basilaris, on which the epithelium becomes modified 
into the organ of Corti, 

476. The menibrana basilaris consists of a 
hyaline basement membrane, on which the organ of 
Corti is fixed ; underneath this is the tunica propria^ 
a continuation of the tissue of the ligamentum spirale, 
composed of fine parallel stifi* fibrils (Hannover, 
Henle) stretched in a very regular and beautiful , 
manner in the direction from the ligamentum spirale - 
to the crista spiralis (Nucl). On the tympanic side 
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there is also a hyaline iNuement membrane. Tbe 
endothelial cells covering this on the tympanic snrface 
have been mentioned above. 

477. Tbe oi^nn of Corti (Fig. 1 90).— Pnasiug 
outwards f i-om the epithelium lining the sulcus spii-alis, 
we meet with sm&ll polyhedral epithelial cells in the 
region of the teiiuination of the lamina spiralis ossea, 
next which are coluninai'-looking cells — the inner 
mpp&rtitig cel/t ; next to these is the inner /Mtr-cell — 
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a coluninar, or conical, epithelial cell, with a bundle 
of stiff hairs, or rods, extending beyond the surface. 
The inner hair-cells form a single file along the whole 
extent of the two and a half turns of the scala media. 
478. Next to the inner hair-cell is the iitner rod, or 
inner pillar, of Corti, and next to this tlie ovter rod, 
or outer pillar, of Oorti. Eaeh forms a single file for 
the whole extent of the two and a half turns of the 
Bcalft media. , The two roda are inclined towai-ds one 
another, and in contact with their upper extremity, or 
head; whereas their opposite extremity, the fool, 
rests under an acuto angle on the membraua, basilaris, 
on which it is firmly fixed. The rest of the rod is a 
Blender, moi'e or less cylindrical, piece — the bodtf. Th« 
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outer rod is larger and longer than the inner, the 
latter being slightly bent in the middle. Owing to 
the position of the rods, the two files form an arch — 
the arch of Corti, Between it and the corresponding 
part of the basilar membrane is a space — the tunnel 
of the arch, triangular in cross section. 

479. The substance of the rods, or pillars, of Oorti 
is bright, highly refractive, and slightly and longitu- 
dinally striated. 

The head of the inner rod is triangular, a short 
process extending inwards towards the inner hair-cell, 
a long process extending outwards over the head of 
the outer pillar. Outwards, the triangular head pos- 
sesses a concave surface grasping the convex surface 
of the head of the outer rod. This latter possesses a 
process directed outwards, which is firmly applied to 
the outer process of the head of the inner rod, the two 
together forming part of the membrana reticularis 
'(see below). 

The relation in size between the outer and inner 
rods is such that the head of one out^r rod fits into 
those of about two inner rods. 

480. At the foot, each rod has, on the side directed 
towards the tunnel, a granular, nucleated mass of 
protoplasm, probably the remnant of the epithelial 
cell from which the lower half of the rod is derived ; 
the upper part sometimes has a similar nucleated 
remnant, proving that this also has been formed by an 
ipithelial cell, so that each rod is in reality derived 
from two epithelial cells (Waldeyer). 

481. Next follow three or four rows of outer Jiair- 
ceUa, similar in size and structure to the inner hair-cells. 
Each of the outer hair-cells seen in a section belongs to 
a file of hair-cells, extending on the membrana basilaris 
along the whole extent — i.e., two and a half turns — 
of the scala media. Each hair-cell possesses an oval 
nucleus and a number of stifi' rods, or hairs, disposed 
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in the shape of a horseshoe in the outer part of the 
free surface of the cell. 

Four, and even five, rows or files of hair-oella 
(Waldeyer), arranged in an alternating manner, are 
found in man. 

The outer hair-cells are also called the cells of 
Corti; they axe conical, and more or less firmly con- 
nected with a nucleated spindle-shaped cell — the cell 
of Deiters. The two cells are more or less fused 
together in their middle part (Nuel). The cell of 
Corti is fixed bj a branched process to the membrana 
basilaris, while the cell of Deiters sends a process 
towards the surface, where it joins the membrana 
reticularis {see below). 

482. Farther outwards from the last row of outer 
hair-cells are columnar epithelial cells, called the owter 
supporting cells of Hensen ; they form the transition 
to the epithelium lining the outer angle of the scala 
media, i.6., to the cells of Claudius. 

In the guinea-pig, the outer supporting cells in- 
clude fat globules. 

483. The mcdullated iiervc-flbres, which we 
traced in a former page to the margin of the lamina 
spiralis ossea, form rich ])lexuses in this, and pass 
through holes in it, in order to reach the organ of 
Corti on the membrana basilaris. Looking from the 
surface on this part, we notice a row of holes — the 
habentUa perforata of Kblliker — a little to the inside 
of the region of the inner hair-cells. Numerous 
primitive fibrillse pass there among small nucleated 
cells situated underneath the inner hair-cells : these 
are the granular cells. Some of these nerve-fibrillse 
— the inner bundle of spiral nerve-fibres — become con- 
nected with the inner hair-cells; while others — ^the 
three outer bundles of spiral fibrils (Waldeyer) — ^pass, 
between the inner rods of Corti, right through the 
tunnel; and, further, penetrating between the outer 
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rods of Corti, they reach the outer hair-cells, with 
which they become connected (Gottstein, Waldeyer). 

484. In connection with the outer process of the 
head of the inner and outer rods of Corti, mentioned 
above, is an elastic hyaline membrane — the lamina, 
or membrana reticularis. It extends outwards over 
the organ of Corti to the supporting cells of Hensen, 
and possesses holes for the tops of the outer hair- cells 
and their hairs. The parts of this membrane between 
the heads of the rods of Corti and between the outer 
hair-cells appear of the shape of narrow phalanges — 
phalanges of Deiters. A cuticular membrane extends 
from the head of the inner rods of Corti inwards to 
the inner supporting cells : it possesses holes for the 
tops of the inner hair-cells. 

485. From the vestibular labium of the crista 
spiralis to the outer hair-cells of the organ of Corti 
extends a peculiar fibrillated membrane — the mrni- 
brana tectoria. By means of it the sulcus spiralis 
internus is bridged over, and so converted into a 
canal. 

486. As we ascend towards the top of the cochlea, 
all parts in the scala media decrease gradually in size. 
The organ of Corti, being of an epithelial nature, 
possesses no blood-vessels. From the anatomical 
relations of the organ of Corti, it appears most pro- 
bable that the pillars, or rods, of Corti act as the 
supporting tissue, or framework, around which the 
other elements are grouped ; and it seems likely 
that the hair-cells, with their rod-like hairs projecting 
freely into the endolymph, are the real sound-perceiving 
elements of the organ of Corti Their connection 
with the terminal iibrillae of the nerves points in the 
same direction. 
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CHAPTER XLIT. 

TUE NASAL MUCOUS MEMBRANE. 

487. The lower part of the nasal cavity is lined 
with a mucous membrane, which has no relation to 
the olfactory nerve, and therefore is not connected 
with the organ of smell. It is covered with a strati- 
fied, columnar, ciliated epithelium of exactly the same 
nature as that of the respiratory passages — e.g., the 
larynx and trachea. Large numbers of mucous secret- 
ing goblet-cells are met with in it Below the epi- 
thelium is a thick hyaline basement membrane, and 
underneath this is a mucosa of fibrous tissue, with 
numerous lymph corpuscles in it In many places this 
infiltration with lymph corpuscles amounts to diiiuse 
adenoid tissue, or to perfect lymph follicles. 

488. The mucosa contains in its most superficial 
layer the network of capillaries, but in the rest it 
includes a rich and conspicuous plexus of venous 
vessels. 

In the deeper parts of the mucous membrane — 
i.e., in the submucosa — are embedded smaller and 
larger glands, the ducts of which pass through the 
mucosa, and open on the free surface. Some of the 
glands are mucous ; others are serous. In some cases 
{e.g., guinea-pig) almost all glands are serous, and 
of exactly the same nature as those of the back of 
the tongue. In some places the mucous membrane is 
much thicker than in others, and then it contains 
larger glands, and between them bundles of non-striped 
muscular tissua 

489. In the upper or olfactory region (Fig. 191) 
of the nasal cavity, the mucous membrane is of a 
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different tint, being more of a brownish colour ; it 
contains the ramifications o£ the olfactory nerve, and 
is the seat of the organ of smell. 

490. The free surface is covered with a columnar 
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epithelinm, composed of the following kinds of cells 
(Fig. 192):- 

(a) A superficial layer of long columnar, or rather 
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conical, epUMuJ. eellt, each with an oval nucleus. In 
Bome places the free surface of these cells is covered 
with a bundle of cilia, similar to the superficial cells 
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of the rpsiiiratoiy part of the nasal canity ; in most 
places, however, the cilia Hre absent ; the foi-mer 
condition obtains in those places which are in close 
proximity to the respiratory region. 

(b) Between tlie epithelial cells extend spindle 
shaped cells, each with a spherical, or very lightly 
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oval, nucleus — the sensory cells (Max Schultze). 
Each cell sends one broad process towards the free 
surface, over which it projects in the shape of a small 
bundle of shorter or longer rods; whereas a fine 
varicose filament passes from the cell body towards 
the mucosa, and, as shown first by M. Schultze, be- 
comes connected with a fibrilla of the plexus of the 
olfactory nerve-fibres. 

(c) In some places there is a deep layer of epithe- 
lial cells, each with a spherical nucleus, of an inverted 
conical shape, their pointed extremity passing be- 
tween the other cells just mentioned and their broad 
basis resting on the basement membrane. Von 
Brunn has shown that there is on the free surface of 
the epithelium a sort of cuticle — a delicate limitans 
externa. 

491. The mucous membrane is of loose texture, 
and contains a rich plexus of bundles of olfactory 
nerve-fibres, extending chiefly in a direction parallel 
to the surface. Each olfactory nerve-fibre is non- 
meduUated, i.e., is an axis cylinder composed of minute 
or primitive fibrillse, and invested in a neurilemma with 
the nuclei of the nerve corpuscles. Near the surface 
the fibres of the plexus are thin, and they split up 
into the constituent fibrils which are directly con- 
tinuous with the fine varicose processes of the sensory 
cells above named. 

492. The blood-vessels supply with capillary net- 
works the superficial part of the mucous membrane 
and the numerous glands. These are the glands of 
Bowman, extending through the thickness of the 
mucous membrane. They are tubes, slightly branched, 
and gradually enlarging towards their distal end ; in 
some parts they are more or less straight. In struc- 
ture they are identical with serous glands, possessing 
a minute lumen, and being lined with a layer of 
columnar albuminous cells. The duct is a very fine 
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canal ; it is that part of the gland that is situated 
in the epithelium of the free surface ; it passes vertic- 
ally through this, and consists of a iine limiting 
membrane, the continuation of the membrana propria 
of the gland-tube, and a layer of very flattened epi- 
thelial cells. 

493. There is a definite relation between the 
size and number of the bundles of the olfactory nerve- 
fibres, the thickness of the olfactory epithelium, and 
the length of the gland-tubes. The size and number 
of the bundles of the nerve-fibres are determined 
by the thickness of the epithelium — i.e., by the 
number of the sensory cells ; the number and thick- 
ness of the olfactory nerve bundles determine the 
thickness of the mucous membrane, and the thicker 
this is, the longer are the glands of Bowman. 

494. The organ of Jacobson is a minute 
tubular organ present in all mammals, and, as has 
been shown by Dursy and Kolliker, also in man. In 
mammals it is a bilateral tube, compressed from side 
to side, and situated in the anterior lower part of 
the nasal septum. Each tube is supported by a 
hyaline cartilage, in the shape of a more or less 
plough-shaped capsule — ^the cartilage of Jacohson 
— and opens in front directly into the nasal furrow 
(guinea7pig, rabbit, rat, <&c.) ; or it leads into the canal 
of Stenson (dog), which passes through the canalis 
naso-palatinus, and opens immediately behind the 
incisor teeth on the palate. In all instances, how- 
ever, it terminates posteriorly with a blind ex- 
tremity, 

495. The cavity of the tube is lined with stratified 
columnar epithelium, which on the lateral wall is 
ciliated in the guinea-pig and dog, and non-ciliated in 
the rabbit. The median wall — i.e., the one next to 
the middle line-is lined with olfactory epitheUum. 
identical with that of the olfactory region of the nasa! 
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cavity. Branches of olfactory nerve-fibres also pass 
into the median wall, and behave in exactly the same 
manner as in the olfactory region. Numerous serous 
glands — belonging chiefly to the upper and lower 
wall — open into the cavity of the organ of Jacobson. 

In the lateral wall there is in many instances a 
plexus of veins, extending in a longitudinal direction, 
and between the vessels are bundles of non-striped 
muscular tissue, thus constituting a sort of cavernous 
tissue. 



CHAPTER XLIII. 

THE DUCTLESS GLANDS. 

496. I. The hypophysis cerebri. — ^The upper 
or smaller lobe belongs to the central nervous system. 
The lower or larger lobe is surrounded by a fibrous 
capsule, which sends numerous minute septa into the 
interior. These split up into numerous trabecules of 
fibrous tissue, which, by dividing and re-uniting, form 
a dense plexus, with smaller and larger, spherical or ob- 
long, or even cylindrical spaces — the alveoli. In these 
lie spherical or oblong masses of epithelial cells. These 
epithelial cells are columnar, pyramidal, or polyhedral, 
each with an oval or spherical nucleus. Between the 
epithelial cells of the same group are found here and 
there small branched or spindle-shaped cells, with a 
small flattened nucleus. In some of the groups or 
alveoli of epithelial cells is a cavity, a sort of lumen, 
filled with a homogeneous gelatinous substance. 

The interalveolar connective tissue contains a 
network of capillaries. Between the alveoli and the 
interalveolar tissue there are lymph sinuses, like those 
around the alveoli of other glands — e.y., the salivary 
glands, 
X— 1 
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497. IL The tbrrold gland (Fig. 193).— The 
framework of this gland ia in many respects similar 
to that of other glands, tliere being an outer fibrous 
capsule, thicker and thinner aepta, and finally the fine 
trabecule forming the septa between the gland alveoli- 
These are closed vesicles of a spherical or oval shape, 
and of various sizes Each vesicle is lined with a single 

layer of polyhedral or 

columnar epithelial cells, 
each with a spherical of 
oval nucleus. There is a 
cavity, which differs in size 
according to the size of the 
vesicle. It contains, and 
ia more or less filled with, 
a homogeneous, viscid, albu- 
minous fluid — the so-called 
colloid. In this often oc- 
cur degenerating nucleated 
lymph - corpuscles and 

coloured blood - corpuscles ^i^^jmoiniio llnJii ibevea 

498. The vesicles are *ii[i tho siraJ mstcriij u ita 
surrounded by networks of tw.'cn n» giMci vesicica. 
blood capillariea In the 

connective tissue framework lie networks of lym- 
phatics; between the framework and the surface of the 
vesicles are lymph sinuses lined with endothelium 
(Baber). The lai^e and small lymphatics are often 
filleil with the same colloid material as the vesicles, 
and it is probable that this colloid material ia produced 
in the vesicles, and carried away by the lymphatics, 
to be finally discharged into the circulating blood. 

499. Its formation in the vesicles is probably due 
to an active secretion by the epithelial cells of the 
vesicles, and to a mixture with it, or maceration by 
it, of the effused blood mentioned above. In some 
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instancea Baber found the amount of blood effuaed 
into the cavity of 
the vesiolea very 
considerable, and 
hence it is justifi- 
able to ussume that 
the destruction of 
red blood-corpus- 
cles forms one of 
the functions of the 
thyroid gland. 

, 500. IIL The 

suprarenal 
bodies (Fig. 19i). 
— The suprarenal 
body is enveloped 
in a fibrous cap- 
sule; in connection 
with this are septa 
and trabeculte pass- 
ing inwards, and 
they are arranged 
differently in the 
cortex and in the 
medulla of the 

_ gland, as will be 
seen presently. 

The dortex of 
the gland consists 
of an outer, mid- 
dle, and inner 
Tig. iw.-^rod. > Vortimi Section through zone, all three be- 

thB Suprarenal Bodj of Man. - ' ,. ,, 

i,ODrt.|MrsuhaUnM:i,nieduii«rrpiirtr-.ouier ^"S directly COQ- 

Sw"4Li'Arr!^iaillris"'™cd!iM'i"'/*°li'""' *'J^^ou8 with one 

win, (Eiu,.«i,,iaatricL-r>>M«qmi:, '■ "^ another. The outer 

one is the sond 

gloinenUosa ; it contains numerous spherical, or, 
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more commonly, elongated, masses of epithelial cells. 
The cells are polyhedral or cylindrical, each with a 
spherical or oval nucleus. In some animals — as the 
dog, horse — the cells are thin and columnar, and 
jirranged in a transverse manner. Occasionally a sort 
of lumen can be discerned in some of these cell masses 

501. Next follows the middle zone, or zona. 
faacicuiatcL This is the most conspicuous and 
broadest part of the whole gland. It consists of 
vwijical columns of polygonal epithelial cells, each 
with a spherical nucleus. The cell substance is trans- 
parent, and often contains an oil globula The columns 
anastomose with their neighbours. Between the 
columns are fine septa of connective tissue carrying 
blood capillaries. 

Between the cell columns and the connective septa 
are seen here and there lymph spaces, into which lead 
fine channels, grooved out between some of the cells of 
the columns. 

602. Next follows the inner zona, or %ona retictA- 
larisj composed of smaller or large r groups of poly- 
hedral cells, with more or less rounded edges. These 
cell-groups anastomose with one another. The indi- 
vidual cells are slightly larger, and their substance is 
less transparent than those of the zona fasciculata. In 
the human subject they are slightly pigmented. 

603. In the medulla we find cylindrical streaks 
of very transparent cells ; the streaks are separated by 
vascular connective tissue. The cells are polyhedral, 
columnar, or branched. These cell-streaks anasto- 
mose with one another, and are directly continuous 
with the cell-groups of the zona reticularis of the 
cortex. 

604. The cortex is richly supplied with dense 
networks of capUlary blood-vessels ; their meshes are 
polyhedral in the outer and inner zone, elongated in 
the middle zone, or zona fasciculata. In the medulla 
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numerous plexuses of veins are met with. In the 
centre of the suprarenal body lie the large efferent 
venous trunks. In the capsule (KoUiker, Arnold), 
and in the connective tissue arouijd the central veins, 
ai'e plexuses of lymphatic tubes with valves. The 
nerves are very numerous, and composed of non- 
meduUated fibres; in the medulla they form rich 
plexuses. In connection with these and with those of 
the outer capsule are small ganglia (Holm, Eberlh). 

505. lY. The g^landula coccyg^ea and in-> 
tercarotica. — The first of these is a minute corpuscle 
situated in front of the apex of the os coccygis, and 
was discovered by Luschka. The gland ula carotica 
of Luschka (ganglion intercaroticum) is of exactly the 
same structure as the glandula coccygea. 

606. Its framework is of about the same nature as 
tliat of otlier glands — a fibrous capsule and inner 
fibrous septa and trabeculae. The septa and trabeculse 
contain in some places bundles of non-striped musculai 
tissue (Sertoli). 

507. The spaces of the framework are occupied by 
tlje parenchyma. This consists of spherical or cylin- 
drical masses of cells connected into networks. The 
individual cells are polyhedral epithelial cells, each 
with a spherical nucleus. According to Luschka, in 
the new-bom child they are ciliated. In the centre 
of each of the cell-masses lies a capillary blood-vessel, 
much convoluted and wavy. 

Numerous non-meduUated n^'ve-fibres forming a 
plexus are situated in the framework of the gland. 
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A.b8orption (fee Lymphatics) 

Achromatin, 7 

Acini of glands, 190, 192 

of Uver, 223 

of pancreas, 221 

Adenoid reticulum, 47, 86, 98 

tissue, 98 

Admazillary glands, 189 
Adventitia of arteries, 82, 84 

of capillaries, 86, 99 

of vems, 85 

lymphatic vessels, 108 

Agminated glands, 101 
Air cells, 233 
AlsQ nasi, 49 
Albuginea of ovary, 272 
Albumin membrane of Aschcrson, 

287 
Albuminous cells, 193 
Alveolar cavity, 179, 187 

ducts, 69 

AlveoU of glands, 190, 192 

of lung, 233 

of paucreas, 221 

Amoeboid corpuscles, T 

movement, 4, 5, 10, 44, 93, 99 

Ampulla, 335, 338 

Anterior commissuT-e, 164 

— — nerve-roots from cord, 142 

Aorta, 69, 84 

Aponeurosis, 31 

Aqueductus cochlete, 336 

Sylvii, 157, 167 

vestibuli, 336 

Arachnoid membrane of spiual 

cord, 133 

of brain, 156 

Arachnoidal villi, 156 
Areolar tissue, 35 
Arrector pili, 301 
Arteriffi ciliares breves, 320 

recurrentes, 320 

heliciniB, 270 

rect», 255 

Arteries, 69, 82 
Arterioles, Afferent, 42, 54 



Arterioles of ovary, 281 
Articular cartilage, 50, 61 

nerve-corpuscles, 127 

Arytenoid cartilage, 227 
Ascending loop-tube, 251 
Aster stage in nucleus, 10 
Auditory hairs, 339 

nerve. Origin of. 165 

, Division of, 155 

teeth 343 

Auerbach'*s plexus, 212, 218 
Auricle of heart, 81 
Auriculo-ventricular valves, 81 
Axilemma, 113 
Axis cylinder, 113 

process of sympathcUc 

ganglion cell, 176 

Bartholin's glands, 281 
Basement membranes of skin, 291 
Basilar membrane of cochlea, 312, 

343 
Bellini's ducts, 252 
BUe-duct, 225, 226 
Bile capillaries, 225 
Bilirubin, 15 
Bladder, 68, 256 
Blastoderm of chick, 2 
Blood, 12 

corpuscles, 12, 15 

, their origin, 17 

glands of His, 98 

plates of Bizzozero, 17 

vessels in gfrey matter, 157 

Bone, 53 

cartilage, 53 

cells, 33, 56 

corpuscles, 56 

, Development of, 58 

trabecule, 67 

Bowman's capsule, 247 

elastica anterior, 47 

glands, 861 

membrane, 810 

sarcon^ elemcnffl, TS 

Brain membranefl, 156 
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U:-ainsand. 170 

liroiichi, 69, 232 

Brownian molecular moTemeiit, 

199 
Briich, Glands of, 303 
Briicko's elementtiry or^anUms, 5 

oikoid and zooid, 11 

tunica nervea, 3;J2 

Brunncr's glands, 220, 221 
Buccal glands, 197 
Bulbus olfactorius, 166 
Biitschli's nuclear spindle, 9 

Calcification of bone, 59 

of cartilage, 50 

of dentine, 66 

Calices of kidney, 243 
Canal of Schlemm, 314 

of Stenson, 352 

of Stilling, 322 

Caualis liyaloideus, 322 

Petiti, 322 

reuniens, 337 

Canaliculi in bone, 55 

in cartilage, 51 

Capillaries of marrow-bone, 87 

of nerve system, 86 

Capillary bile-ducts, 225 

blood-vessels, 86, 212 

lymphatics, 92 

network in mucosa, 200 

sheaths, 241 

Capsule, External, of brain, 169 

, Internal, of brain, 169, 170 

of Glisson, 222 

of kidney, 69 

of the spleen, 69, 233 

Cariilage, 48 

Articular, 50, 61 

cells, 33, 51 

, Elastic, 52 

, Fibrous, 51 

, Hyaline, 49 

, Lacunse, 49 

of Jacobson, 352 

of Luschka, 227 

Cavernous tissues in genital 

organs, 269 
Cavities of tendon sheaths, 94 
Cavum tympani, 3^ 
Cells, 5 

, Muscular, of blood-vessels, 69 

-, of intestine, 69 
-, of respiratory organs, 69 
of stomach, 69 

, of urinary organs, 69 

•^— in tadpole's tail, 37 

of Claudins, 342, 846 

Cellula) mastoidesB, 33i 



Cellular tissue, 35 
Cement of teeth, 179, 18S 

^.substance, 180. 

of endothelium, 27 
of epithelium, 19 
of fibrous tissue, S4 
Central canal, 134 

grey nucleus, 140 

Centroacinous cells, 222 
Centrum ovale. 163, 164 
Cerebellum, 156, 159 
Cerebrum, 156, 163, 164 
Ceruminous glands, 292. 333 
Cervix of uterus, 280 
Cbalice cell", 24 
Chondnn, 33, 43 
Chondroclasts, 66 
Choroidal portion of ciliaxj 

muscle, 68 
Choroid membrane^ 318 
Chromatin, 7 
Chyle, 217 
Ciliary muscle, 69, 315 

nerve, 170 

processes, 317 

Ciliated cells, 23 
CirculuB arteriosus in iris. 317 
Circumanal glands, 292 
Cisterna lymphatica magna, 95 
Clarke's columns, 143, 146 
Claustrum, 166, 169 
Cleavage of ovum, 2 

of white blood corpuscles, 17 

Clito is, 284 

Cochlea, 335, 339 

Cohuheim's areas, 76 

CoUoid, 354 

Co'ostrum corpuscles, 2^ 

Coloured blood corpuscles, 12 

Colourless blood corpuscles, 15 

Colu'uinar epithelial cells, 19 

Commissure, Grey, of spinal cord, 

134 

, White, of spinal cord, 141 

Compound lymphatic glands, 104 

Conarium, 170 

Concentric bodies of Hassall, lOT 

lamjllae, 56 

Cone fibre, 331 
Cones of retina, 328 
Coni vasculosi, 265 
Conjunctiva, 303 

blood-vessels, 308 

bulbi, 308 

lymphatics, 306 

nerves, 309 

palpebraB, 303, 308 

Connective tissue, 3*1 
Contraction v/avo, 71 
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Contractility of corneal cor- 
puscles, ^* 

of pigment cells, 25 

Convolution in brain, 161 

in nucleus, 8 

Cordae tendineee, 81 
Cords of adenoid tissue, 103 
Corinm, 283 
Cornea, 22, 310 

, nerves in, 298 

Corneal cells, 38 
— — corpuscles, 36, 312 
Comu Ammonis, 164, 165 
Comua uteri, 2^1 
Cordua radiata, 170 
Corpora albicantia, 168, 17J 

cavernosa, 69, 269 

quadrigemina, 167 

striata, 168, 169 

Corpus callosura, 164 

Highmojri, 257 

luteum, 276 

restif orme, 150 

spongiosum, 260 

Corpuscles, Malpighian, 240, 243 

of blood, 12, 18 

of bone, 66 

of connective tissue, 38 

of Grandry, 126 

of Herbst, 121, 124 

of lympb, 96, 99 

of Meissner, 121, 124 

of muscle, 76 

of nerve, 114 

of Pacini, 121, 127, 305 

of Vater, 121 

, Tactile, 121, 124 

Corfci's arch, 345 

cells, 3t6 

ganglion, 341 

rods, 344 

Cortical layer of ovary, 272 

lymph-sinus, 107 

Costal cartilages, 49 

pleura, 95 

Cowper's glands, 268, 284 
Cremaster intemua, 266 
Crescents of Gianuszi, 19 
Cricoid cartilage, 49 
Crista acustica, ^ 

spiralis, 342, 3i7 

CruB cerebri, 148, 168 

, Crusta of, 170 

Crusta petrosa, 179 
Crypts, 101 

of Lieberk^n, 214, 221 

Cuticle of Nasmyth, 180, 187 
Cutis auserina, 801 
vera, 288 



Cyfetic duct, 69 
Cytogenous tissue, 98 

Deiters' cells, 157, 346 

phalanges, 3+7 

processes, 147, 151 

Demilunes of Heldenhain, 193 
Dentinal canals, 181 

fibres. 66, 181 

' sheaths. 181 

tube?, 66 

Dentine, 66, 180, 181 
Descemet's membrane, 47 
Diapedes's, 88 
Diaphragm, 79, 94 
Diaster stage in nucleus, 10 
Diif use adenoid tissue, 99 
Dilatator pupilleB, 69, 317 
Direct division, 7, 11 
" Disc tactil," 127 
Discus i)roligerns, 275 
Di>:diaclasts. 80 
Dispireme, 10 

Distal convoluted tubes, 252 
Division, Bemak's mode of, 7 
Doyire's nf rve-mount, 131 
Ductless glands, 353 
Ducts of pancreatic gland, 69 

of tali vary gland, 69 

Ductus ejaculatorii, 267 
Dura mater, 133 
Dural sheath, 332 

Ear, External, 333 

, Internal, 335 

Efferent lymphatics, 108 

medullated nerve-flbres, 122 

veins, 42 

Elastic fenestrated membrane of 

Henle, 47 
Elaatin, 46 
Electric nerve, 116 
Eleidin, 22 
Elementary fibrillee, 113 

fibrils, 34 

organisms, 4 

Enamel, 179 

cap, 185 

cells, 185, 187 

organ, 184, 187 

prisms, 179 

End-bulbs of Krause, 121, 125, 

309 
Endocardium, 80, 82 
Endochondral formation of bono, 

58 
Endolymph 336 
Endnmysiiini. TO 
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Endonenriom, 111 
Endothelial cell-*, stmctore, 27 
— — membnme. 27 
Endothelium, 27 
Endotheloid oell-plates, 98 
Enprelmann's lateral disc, 72 
Epioerebnd space, 157 
Epidermis, 21. 288 
Epididymis, 69, 264 
Epiglottis, 52, 99 
Epineurinm, 110 
Epithelial cells, 18 

, Division of, 26 

-^— , Begcneration of, 26 
EpitJielium, 21 
Epitheloid layer, 59 
Eustachian tube, 334 
External arcuate flbres, 16?, 153 

capsule of brain, 169 

Eye, 308 

lashes, 906 

lids, 305 

Fascie, 93 
Fascicles, 70 
Fasciculus cuneatus, 150 

gracilis, 160 

of GoU, 138, 1£0 

of Tiirk, 138, 148, 151 

• pyramidal direct, 138 

Fat cells, 41 

and starvation, 44 

Femur, 64 
Fenestra ovalis, 335 

rotunda, 335 

Fenestrated membrane, 32, 35, 
133 

of Henle, 83 

Fertilisation of ovum, 2 

Fibrse arcuatse, 311 

t ibres. Connective tissue, 33 

, Elastic tissue, 53 

of muscle, 66, 70, 78 

of nerves, 109 

of Purkinjo, 81 

FibrilleB of connective tissue, 3ii 

of muscle, 68 

of nerve, 113 

Fibro-cartilage, 51 

Fibrous tissue development, 45 

Fillet, 167 

Fissura orbitalis, 69 

Fissures of spiual cord, 136 

Fcetal tooth papilla, 185 

Follicles, Lieberklihn'fl, 211 

, Lymph, 98, 100, 103 

, Sebaceous, 300 

Thymus, 102 

Fornix conjuuc-tivse, 303 



Fornix vaginsa, 283 
Fossa glenoidalis, 51 

navicul^ris, 268 

-— patellaris, 322 

Sylvii, 166 

Fovea centralis, 825, 329, ISM 
— hemielliptica, 335 

hemispherica, 335 

Fundus, 280 

Fouicnlos of Bolando, 150 

Gall-bladder, 69 

Ganglia, Cerebro- spinal, 14i, 147 

, Sympathetic, 175 

GangUon cells, 144, 171 
Gasserian ganglion, 170 
Gelatinous tissue, 4^ 
Geniculate ganglion, 170 
Genital corpuscles of Kranso, 136 

end-corpuscles, 121 

organs (male), 257 

(female), 271 

Gterm reticulum of von Ebuer, 261 
Germinal endothelial odls, 30 

epithelium, 272 

spots, 1, 273 

vesicle, 1, 273 

Germinating cells, 31 
Girald6*s organ, 265 
Gland, Prostate, 267 
Glands, Barthol'ni, 2&i 

, Brunner, 220, 221 

, Buccal, 197 

, Carotic, 357 

, Ceruminous. 292, 333 

, Coccygeal, 357 

, Harder, 310 

, Krause, 308 

, Lachrymal, 300 

, Lieberkiihn's, 19 

, Littr^'s, 268 

, Lymphatic, 86, 90, 106 

, Meibomian, 303 

, Mohl, 306 

, Mucous, 189, 202 

, Peptic, 208 

, Peyer, 101, 216 

, Pyloric, 207 

, Salivary, 188 

, Sebaceous, 301 

, Solitary, 101 

, Submaxilltury, 189 

, Sweat, 290 

Glandules agminatsB, 211 

lenticulores, 211 

Paochioni, 156 

—— nterinfld, ^0 
Glans clitoridis, 284 
— — penis, 269 
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Glassy membrane, 295 
Glissou's oapsale, 222 
Globulin, U 
Globus major, 265 
Glomertde, 166 
Glycogen, 16 
Goblet cells, 20, 24 
Graafian follicles, 272, 277 
Grandry's corpuscles, 126 
Granular formation of Meynert, 
166 

layer of Purkinje, 182 

Granules in blood, 17 
Granulosa, membrana, 273 
Grey commissure, 134 
Ground lamellee, 56 

plexus of Arnold, 127 

substance, 123 

Growing capillaries, 88 

Habenula perforata, 346 
Hfematin, 15 
Heematoidin, 15 
HsBmatoplasts, 17 
Hsemin crystals, 15 
Heemoglobin, 14 

crystals, 15 

Hair, 292 

bulb, 296, 299 

, Development of, 299 

fibres, 296 

follicles, 292, 294 

knob, 299 

, Marrow of, 296 

, New formation of, 2£8 

p&pilla, 299 

, Koot of, 296 

-sheath of, 295 



sac. 294 



, Shaft of, 293. 297 

Harder's gland, 310 
Haversian canals, 56 

lamellee, 56 

spaces, 67 

Heart and blood-vessels, 80 
Helicotrema, 335 
Hemisphere of brain, 159 
Henle, Fenestrated membranes 
of, 47, 83 

, Fibres of, 47 

, Sheath of, 111 

— — , Stratum nerveum of, 332 

, Tubes of, 250 

Hensen's cells, 346 
Hepatic cells, 224 

duct. 69 

loboles, 223 

yeiuB, 224 

Herbst, Corputcloji of, 121, 12 i 



Hilum of glands, 104 

of salivary glands, 190 

of spleen, 239 

Hippocampus, 166 
Homogeneous elastic membranes, 

47 
Howship's lacunsB, 66 
Hyaline cartilage, 49 
Hyaloid membrane, 322 
Hypophysis, 168, 355 

neum, 216 

Incremental lines of Salter, 18S 

Incus, 335 

Indirect division, 8 

Infundibula, 69, 168, 170 

of bronchiole, 233 

of gland, 198 

Inner molecular layer, 328 

nuclear layer, 326 

Interarticnlar cartilages, 51 
Interfascicular spaces, 36, 38 
Interglobular spaces of Czermak, 

182 
Interlobar ducts, 190 
Interlobular bile-ducts, 225, 226 

connective tissue of liver, 222 

ducts, 190 

lutcrmediate cartilage, 51 

disc, 74, 75 

plexus, 127 

zone, 211 

Intermembranous formation of 

bone, 58, 65 
Intermuscular fibrils, 128 
Internal capsule of brain, 160 
Interstitial lamellse, 56 
Intervertebral discs, 51 
Intestine, Large, 212 

, Small, 212 

Intima of nrteries, 82, 83 
Intralobular bile-vessels, 225 

ducts, 190 

Intcannclear network, 6 
Iris, 315 

, Blood-vessels of, 317 

, Lymph-clefts of, 317 

, Lymph-sinuses of, 317 

, Nerve-fibres of, 317 

Island of Beil, 169 

Jacobson's organ, 352, 333 

Karyokinesis, 8, 51, 259 
Karyomitosis, 8, 9 
Kidnev, 242 

, Afferent arterioles of, 253 

blood-vessels. 253 

glomerulus, 247 
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Kidney lymphatics, 22ii.227, 256 

parenchyma, 244 

vessels, 25 i 

Kolliker's osteoclasts, 66 

Labia pndendi majora, 301 
Labium tvmpanicnm, 342 

vestibularo, St2 

Labyrinth, Osseous, 335 
Lachrymal glauds, 309 
Lacunae Horgn^ni, 2t>8 

of bone, 65, 56 

of cortii 'ge, 49 

of lymphatics, 92 

LamellsB of boue, 57 

of cornea, 311 

of lenj», 321 

Lamina cribro.^a, 332 

elasticn of cornea, 310 

fusi-a, 313 

reticularis, 347 

spiralis ossen, 335 

vitren, 316, 320 

Langerhaas' granular laj'er, 22 

Lnrynx, 227 

Lateral basilar proceES, 165 

nucleus. 151 

tract, 149 

Lens, 820 

fibres, 321 

stars, 321 

Lenticular glands, 101 
Ligramentum denticnlatum, 134 

latum, 69 

peotinatum, 814 

pulmonis, 233 

spirale accessorium, 326, 343 

susx)ensory of lens, 332 

LimitaDS externa, 327 

interna, 325 

Lines of Schreger, 182 
Liquor folliculi, 274 

sanguinis, 12 

Littr^'s glands, 268 
Livfer, 94, 222 

, Vessels of, 223, 224 

Lobes of pancreas, 221 

of salivary gland, 190 

of thymus gland, 102 

of lung, 233 

Ix)bu1e8 of liver, 223 

of lung, 233 

of salivary glands, 190 

of thymus gland, 102 

Lung, 94, 232 

blood-vessels, 236 

lymphatics, 236 

Lymph, 96 

Lymphatic capillaries, 92 



Lymphatic clefts, 85, 92 

glands, 86, 90, 106 

rootlets, 92 

sinuses, 94, 107 

— — tissue, 91 

vessels, 85, 90, 98 

Lyniphatics, 69, 212 

in mucosa, 200 

Lymph-canal system in oomea, 38 

canalicular system, 92, 96, 312 

cavities, 94 

corpuscles, 96, 99 

follicles, 98, 100 

hearts, 96 

Lymphoid cells, 31 

Macula acustica, 338 

lutea. 325, 326, 329, 330 

Malleus, 335 

Malpighian corpuscles of kidney, 

246 

of spleen, 240 

pyramids of kidney, 244 

stratum of skin, 2L 

Mammary gland, 284 
Manubrium mallei, 333 
Marrow of bone, S3 
Matrix of osseous substance, 55 
Meatus auditorius extemus, 333 
Meckel's g^anglion, 170 
Media of arteries, 82 
Median lateral fissure, 138 
Mediastinum testis, 257 
Medulla oblongata, 148 

of gland, 105 

Medullary cylinders, 106 

lymph-sinus, 107 

ray, 244 

sheath of nerve-fibres, 113, 114 . 

MeduUated nerve-fibres, 112, 120, 

143 
Meibomian glands, 306 
Meiesner's corpuscles, 200, 305 

plexus, 178, 212, 219 

Membrana basilaris, 342, 313 

chorio ca^illaris, 319 

Descemeti, 312 

gri^unulosa, 273 

hyaloidea, 322 

reticularis, 347 

secundaria, 337 

supra-ohoroidea, 818 

tectoria, 347 

tympani, 333 

Membranes of Erause, 71 
Mesencephalon, 166 
Mesentery. 94 
Mesogaslxlum, 5{2, 0^ 
Metakinesi^. 10 
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Migratory cells, 14 
Milk, 287 

globules, 288 

tooth, 187 

Modiolus, 335, 341 
Motor ganglion cells. 147 
Movement of cilia, 24 
Mucin, 25 
Mucosa, 199 

, Lymph follicles of, 21. 

Mucous cells, 193 

glands, 189, 202 

membrane, 199 

Muco-sallvary glands, 189 
Mucus, Formation of, 25 
Muller s fibres, 325 

muscle, 315 

Muscle bundles, 68 

cells, 68 

— — column, 72 

corpuscles, 73 

£bres, 67, 78 

tibrillce, 71, 73 

tissue. Striped, 70, 199 

, Non-striped, 67, 69 

Muscular compartments, 71 
Muscularis externa, 207 

mucosae, 68, 203 

Musculus ciliaris Eiolani, 306 

Myelopiaz, 6 

Myeloplaxes of Eobin, 54, 66 

Nail, 302 

cells, 303 

groove, 302 

substance, 303 

^'asal mucous membrane, 318 

septum, 49 

Nerve bundles, 110 

corpuscles, 114 

end plate, 131 

endiujjs, 118, 121 

fibres, 109 

plexus, 112, 117, 120 

Network of flbriUsB, 117 
Neurilemma, 114 
Neuroglia, 139 

cells, 139 

fibrils, 139, 157 

of Virchow, 48 

tissue, 136 

Neurokeratin, 113, 115, 323 

Nipple, 69 

Non-meduUated nerve-fibres, 117, 

120 
Nuclear layer in bnlbns olfac- 

torius, 166 

membrane, 6 

^— substance, 6 



Nuclear zoue, 320 
Nucleoli, 6 

Nucleus, Structure of, 6 
Nucleus caudatus, 169 

cuneatu9, 153 

dentatus, 153 

gracilis, 153 

lenticularis, 169 

Nuclei, Inner, of retina, 326 

, Outer, of retina, 327 

NymphsB, 284 

Odontoblasts, 181, 182, 187 
(Esophagus, 205 
Oil-globule, 41, 42 
Olfactory cells, 351 

nerves, 117, 166 

Olivary bodies, 149 

nucleus, 153 

Omentum of cat, 31 

of frog, 95 

of guineqrpig, 42 

of rat, 34 

, Structure of, 35 

Optic nerve, 332 

nerve-fibres, 325 

tract, 169 

vesicle, 331 

Ora serrata, 325 

Organ of Corti, 343, 314, 347 

of Girald6, 265 

of Jacobson, 352, 353 

Ossein, 55 

Osseous labyrinth of ear, 321 

lamellae, 55 

— — substance from osteoblasts, 

65 
Osaicula auditus, 334 
Ossifying cartilage, 51 
Osteoblasts forming boue, 53, €0, 

65 
O.-teoclasts, 66 
Osteogenetic layer, 52 
Otoliths, 339 
Oval nucleus, 41 
Ovary, 69, 271 
-^— , Development of, 277 

, Lymphatics of, 282 

, Nerves of, 282 

Oviduct, 69, 279 
Ovum, 1, 273 

Pacinian corpuscles, 121, 127, 2Gh, 

269, 305 
Palate, 197 
Palmae plicatas, 280 
Palpebrae, 308 
Pancreas, 220, 221 
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Papilla droumvaUata, ai02 

flliformls 201 

foliata, 203 

fun^formis, 201 

nervi optici, 324 

Papillary hair of Unna, 294 
— — mascle, 81 
Paragloboliu, 14 
Parenchyma of tefltis, 267 
PareQchymatoos cartilage, 51 
Parietal cells. 210 
Pars ciliaris retinae, 318, 3^, 325 

membrAnacea, 268 

prostatica, 268 

Pedunculated hydatid of Mar- 

gagni, 265 
Pednnculus cerebelli, 150, 159 
Penis, 269 

corpora cavernosa, 269 

nerve-endinj^s, 126 

Peptic glands, 208 
Peribronchial lymphatics, 2^, 237 
Pericardial cavitiLS, "94 
Pericellular space, 147 
Perichondrium, 48, 49 
Perilymph, 336 
Perimysium, 70 
Perineurium, 110, 127 
Periosteal bone, 62, 65 

formation, 58 

processes of Virchow, 58 

Periosteum, 53 

Peripheral nerve-ending^, 118, 121 

Peritoneal cavities, 94 

F'eritoneum, 69 

Peri vd senior lymphatics, 95, 237 

lymph spaces, 158 

spaces 01 His, 147 

Pes, 168 

Peyer's glands, 101, 216 

patch, lOl 

Pharynx, 201 

tonsil, 100, 201 

Pia mater, 86, 133 
Pial sheath, 332 
Pigment cells, 25, 89 
Plasma, 12 

cells, 44, 106 

Pleura pnlmoualis, 69, 233 
Pleural cavities, 94 
Plexus choroideus, 157 

myentericus, 212, 218, 229 

Meissner, 212, 219 

'— venosus vasrinalis, 283 
Plicffi villosse, 208, 215 
Pons Varolii, 161, 166 
Porta hepatis, 222 
Portio Miilleri, 315 
—— vaginalis uteri, 280 



Posterior ner?e roots from spina) 

cord, 142 
Prickle cells, 23, 25 
Primitive dental groove, 184 

fibriUiB. 113, 117, 144 

Primitive fibrils, 73, 119 

ova, 277 

Prostate, 267 
Protoplaism, 1 

, Structure of, 6 

Protoplasmic membrane, 41 
Proximal convoluted tubule, 248 
Pulp tissue. 240 
Pulvinar, 169 

Purkinje's ganglion cells, 159, 16(i 
Pyloric glands, 207, 210 
Pyfamid of Ferrein, 246 
Pyramidal decussataon, 148 
tracts, 148 
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Rami capsulares, 226 
Banvier 8 constnctions, 

node.^, 114 

Raphe, 153, 163 
Red blood corpuscles, 12, 14 
Reissner's membrane, 3U, 343 
Remak's fibrous layer, 83 

nerve-fibre, 117 

Sete Malpighii, 21 

mucosum, 21 

testis, 264 

Reticular cartilage, 52 

formation, 163 

Retina, 323 

, Blind spot of, 324 

, Blood-vessels of, 332 

, Ganglion cells of, 3.6 

— .-, Lymphatics of, 332 
Rhabdia of Kiihne, 76 
Rhodopsin of EUhne, 329 
Rods and cones, 328 
RoUett's secondary substance, 72 
Rosette stage in nucleus, 9 
KugsB, 282 

Saccules, 336, 337 

Saccus endolymphaticus, 333 

Saliva, 199 

Salivary cells, 192 

glands, 188 

, Blood-vessels of, 196 

, Ducts of, 190 

, Lobes of, 190 
, Lobules of, 190 
, Lymphatics of, 196 
Nerves of, 196 

Sarcode of Dujardin, 5 

Sarcoglia, 76 

Sarcolemma, 71, 72, 78 
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Barcoplasma, 71, 72, 73 
Sarcoplosts, 78 
Soala tympani, 335 
— — vestibuli, 335 
Scholtze's protoplajsm, 5 
Schwann's cells, 5 
Sclerotic, 313 
Scrotum, 68 
Sebaceous follicles, 3(K) 
Semicircular canals, 335, 333 
Semilunar valves, 81, 92 
Seminal cells, ^1 

tubules, 260, 266 

Sensory ganglion cells, 147 
Septum cisteniee lymphaticsB, 32 
Serous glands, 188, ld8 

membranes, 95 

Sesamoid cartilages, 51 
Sharpey's perforating iibres, 57 
Sheath of Henle, 122, 125 

— of Schwann, 114 
Simple axis cylinders, 117, 120 

lymphatic glands, 98 

Skin, 288 

blood-vessels of, 303 

lymphatics of, 304 

, Nerves of, 304 

Solitary glands, 101 

lymnh follicles, 212 

Spaces of Fontana, 314 
Spermatoblasts, 261 
Spermatozoa, 263 
Sphincter pupillsB, 316 
Sphincters, 69 
Spinal cord, 133 

grey matter, 131, 142 

white matter, 13i, 135 

Spiral tubule, 250 
Spireme convolution. 
Spleen, 238 

, Capsule of, 238 

, Lymphatics of, 2^ 

, Nerve-fibres of. 242 

, Parenchyma of, 239 

, Pulp of, 240 

, Eed blood corpuscles of, 18 

, TrabeculsB of, 240 

Spongy bone substance, 57 
S.iuomous epithelial ceils, 20 
S'ernal cartilage, 50 ^ 
Stigmata, 88 
Stomach, 207 
Stomata, 31, 88, 95, 237 
StratiAed columnar epithelium,23 

pavement epithelium, 22 

Stratum adiposum, 290 
— — cinereum, 167 

— comeum, 21, 288 

— gelatinosum, 106 



Stratum glomerulosum, 16G 
— lucidum, 21 

Malpighii, 288 

opticum, 167 

Stria vascularis, 313 

Stroma, 14 

Subarachnoidal spaces, 91i, 133, 

156,333 

tissue, 184 

Subcutaneous lymphatics, 94 
- — tissue, 289 
Subdural spaces, 94, 133, 157 
Subendocardial tissue, 80, 81 
Subepithelial endothelium of De* 

bove, 37 
Subhyaloid cells, 322 
Submaxillary ganglion, 170 
Subiiiucosa, 199 
Submucous lymphatics, 94 
Subpericardial nerve branches, 

8i 

tissue, 80 

Substantia gelatinosa, 140 

nigra, 168 

Subvasjinal sp^.ce, 333 
Sudoriferous canal, 290, 291 
Sulcus hippocampi, 166 

spiralis, 342, 343 

Superior pedunoulus oerebolh, 

169 
Suprachoroidal tissue, 314 
Suprarenal bodies, 355 
Supravaginal space, 333 
Sweat glands, 69, 290, SM 
Sympathetic system, 173 
Synovial cavities, 94 

Tactile con>uscles, 121, 121 

hairs, 300 

Tapetum nigrum, 316,318, 3 JO 

330 
Tarsal plate, 306, 306 
Taste buds, 204 

ceUs, 205 

goblets, 203, 204 

Teeth, 179 

cement, 182 

development, 183 

pulp, 182 

Tegmental cells, 205 
Tegmentum, 167, 168 
Teichmanu's crystals, 1£ 
Tendon cells, 35 
Tendons, 93 
Tenonian capsule, 333 

si>ace, 333 

Tensor choroidesB, 315 
Terminal bronchi, 234 
Testis, 257 
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Thalamencephalon. 168 

'I halainoB opticus, 16i; 10S, 169 

Thoracic duct, 90 

Ihymus follicles, 102 

glaud, 102 

Thyroid cartilage, 49 

gland, 351, 335 

Tongue, 2Jl 

, Serous glands of, 202 

Tonsils, 101 

Touch-celli of Merkel, 121, 125 
— — -corpuscles of, Merkel, 120 
TrabeculflB camen, 81 

of lymphatics, 69 

•^— of spleen, 69 
Trachea, 49, <>9, 229 
Tractoa olfactorius, 166 

opticus, 169 

Tr.iusitional epithelium, 23 
Ti-ansverse diac, 75 
Tuba Eustachii, 331 
I'ltber cinereum, lo8, 170 
Tubercle of Rolando, 151 
'I ubes of epididymis, 26(} 
Tunica adnata, 257 
albugiuea, 257 

— dartos, 69 
— — fibrosa, 275 

— propria, 313 

vagmolis, 2s7 

Tyson's glands, 269 

Ureter, 243, 253 
Urethra, Female, 283 

, Male, 268 

Urinary tubules, 214 
Uterus, 68, 279 
Utricle, 33J 
Uvea, 31d 

Vagina, 69, 282 
Varicoae nerve-fibres, 116 
Yas deferens, 69, 26 j 

rectum, 264 

Vasa efferentia, 261 
Vascularisation of cortiiagj, 58 



Vater's corpuscles, 121 

VeinB. 69, 85 

, Intima of, 85 

, Media of, 85' 

— — of the bono3, 84 

Veins of the brain, oord, gravid 
uterus, membrane.), and retiua, 
86 

^ Yalres of, 85 

Vena axillaris, azygos, cava, cni- 
ralis, he]>atica, intima, iliaca, 
raesenterma, poplitea, reualis, 
spermatica, and uuibilicalia, 86 

jugularis, and subolavia, 85 

Venffi rectSB, 255 

8tellat80, 255 

vorticossB, 320 

Venous radicles, :^40 

sinuses, 240 

Ventricle, Fourth, 154 

Ventricles, 82 

Vesionlso seminales, 69, 263 

Vestibulum, 284" 

Virchow's crystals, 15 

Visceral pericardium, 80 

peritoneum, 205 

Vitreous body, 322 

White blood corpuscles, 15, 16 

commissure, 141 

fibrous tissue, 82, 33 

substance of brain, 158 

—— of cord, 116 . 

of Schwann, 113, 114 

Wolffian body, 272 

Wreath arrangement of nucleus, 9 

Yellow elastic cartilage, 52 
tissue, 46 

Zona fasciculata, 359 

glomerulosa, 355 

pellucida, 273 

reticularis, 356 

yasculosa, 271 

Zonula ciliaris, 322 
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